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CLAY  AND  SHALE   DEPOSITS 

or    THK 

WESTERN  PROVINCES. 
Part  H. 


Heinrich  Ries  and  Joseph  Keele 

IXTRODUCTIOX. 

During  the  field  .season  of  1910.  three  months  were  spent  in 
the  reftion  between  Winnipeg  and  the  coa.^t,  making  a  reconnais- 
sance of  the  formations  which  were  liively  to  yield  clay  or  shale 
deposits  that  might  be  of  value  in  the  ceramic  arts. 

The  results  of  this  work,  published  as  Memoir  24-E.  indicat- 
ed that  there  were  not  only  extensive  clay  and  shale  formations 
in  the  region  covered  by  this  report,  but  that  some  of  them  at 
least  were  of  excellent  quality  and  adapted  tp  a  variety  of  uses. 

The  summer  of  1911  was  spent  by  us  in  tlie  same  general 
territory  investigating  areas  which  we  did  not  have  time  to  visit 
the  previous  summer,  and  also  following  out  several  new  lines 
of  railway  which  were  in  course  of  construction. 

The  several  transcontinental  lin<>s  are  rapidly  sending  out 
new  branches,  or  exti'nding  old  ones,  and  as  this  is  done  new 
areas  of  clay  or  shale  become  accessible.  Of  special  imi)ortanee 
in  this  connexion  will  be  the  line  of  the  Canadian  Northern 
railway  extending  southward  from  Mooseja..,  and  tlie  Canadi;'" 
Pacific  Railway  branch  from  Moosejaw  to  Lethbridge.  Both  ot 
these  will  pass  near  either  the  Dirt  hills  or  the  Cactus  lulls. 
which  contain  splendid  clay  deposits.  A  line  from  Kstevan  to 
Lethbridge  would  also  probably  pass  through  good  clay  country. 

In  our  first  report  on  the  western  provinces,  the  region  was 
sui)di\ided  first  geographically,  and  second  on  a  formational 
basis,  for  convenience  of  discussion. 

The  same  plan  is  maintained  in  the  present  report,  with  the 
additional  object  of  greater  convenience  of  comparison. 
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CHAPTER  I. 
Great  Plains  Region. 

Surface  Clays. 

By  far  the  greater  number  of  clay  deposits  worked  in  the 
Great  Plains  region  are  surface  clays  of  unconsolidated  ch!)ract<r 
and  recent  geological  age. 

This  will  probably  continue  to  be  the  case,  if  a  local  in- 
dustry is  built  up  at  many  point.«,  for  the  reason  that  in  many 
parts  of  the  (ireat  Plains  area  the  older  shales  are  so  deeply 
buried  as  to  he  inaccessible. 

The  fact  .should  be  borne  in  mind,liowever,that  these  surface 
deposits  may  vary  in  their  character  from  place  to  place,  the 
phases  seen  including  silts,  clays,  gravel,  and  sand.  Of  thcNe 
the  silty  type  is  perhaps  the  most  abundant. 

On  a  basis  of  their  origin  we  divided  them  into:  (li  lake 
clays;  (2)  river-terrace  or  flood-plain  deposits;  C^^  delta 
deposits.  The  differences  between  these  were  pointed  out  in 
last  years'  report    and  need  not  be  repeated  here. 

For  common  brick  many  of  these  surface  silts,  or  silty 
clays  work  well.  provide<l  they  are  properly  handled. 

Knowing  that  the  deposits  may  vary  from  poijit  to  point, 
within  a  short  distance,  the  ground  should  be  carefully  lookecl 
over  before  the  location  of  a  plant  is  d(>cided  on,  and  then  the 
deposit  selected  should  be  tested  liefore  a  plant  i.  erected,  for 
nothing  is  more  costly  than  experimenting  witli  a  fully  built  and 
completely  equipped  plant. 

Surface  clays  will  usually  be  chosen  in  i)reference  to  sliale 
for  eommon-ltriek  manufacture  because  they  are  easier  to  dig 
and  work.  They  do  not  always  give  the  better  results,  however, 
when  a  comparison  of  these  two  classes  of  m.iterial  ix  made 
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But  around  son...  of  th.  lar^.r  ..itie.s  of  the  Plains  tho  M.r- 
faco  clays  must  I.,-  drawn  upon  for  a  local  source  of  supplv 

an.^;;:^;;:ti:r'''''^"""'™«^ 

one  JT';'"'.r''"'""'  **"^  ^'*^''*'''  ^'^>-  "f  '^-•<^'tchewan,  is 
on,    of  the  rapi.lly  ^rovvuig  conununities  of  the  Creat   Plains 

ZnndT'r.""'   ^f  .^^:-r«P-"^   ^>--   i^   a   correspon.ii;; 
d.  mand  for  bncks,  dram  fie,  sewer-pipe,  and  oth.  •  burned-clay 

vi..ink'v'o'f  tT'  "r  ''"''.  '^"P"-'*''  ^^'""'^^'^  '"  t''^'  "mnediate 
M.  nit>  of  the  c.ty.  as  the  thickness  .f  surface  clay  which  un- 

en'r  ^f^r;  ••■""  "'"'^"'"■■"^  *''^'  "^^-  '^  a'tomshin^K- 
gn.it.  In  fact  bormgs  made  by  the  city  authorities  in  an  en- 
dKu^ur  to  obtam  a  deep  water  supply,  have  proven  not  less  than 
J.-'OO  feet  on  unconsolidated  beds. 

A  good  opportunity  to  observe  tlie  character  of  the  mater- 
•als  lymg  mimediately  under  the  surface  was  afforded  in  the 
summer  of  1911  by  the  excavation  of  a  deep  trench  fi"  Z 
trunk  sewer.     The  .section  expo.sed  there  showed :- 

Dark-coloured  loamy  clay 4  f,.,.t 

Stiff,  dark  clay,  vertically  jointed.  .  .  1.1     " 

Yellowish  silty  clay '. 2-t3  " 

.Stiff,  dark  clay,  like  second  laver 

The  jointed  clay  forms  the  greater  part  of  the  deposit. 
I>.it  no  successful  attempt,  have  been  made  to  utilize  it  for  brick 
making  purposes. 

It  forms  a  stiff,  sticky  mass  when  tempered  with  water 
•^  hard  to  work  an.l  cracks  in  drying.  It  could  probablv  be' 
.nade  available  for  brickmaking,  if  treated  bv  the  preheating 
method  but  it  is  do.'  tful  if  such  a  low-grade  claj-  could  be 
lumdled  commercially  under  these  conditions. 

The  y.>llow  silty  clay,  whicli  is  slightly  calcareous,  seemed 
o  promise  better  results,,  and  a  small  sample  (1809;  was  taken 
for  testing  with  the  following  results. 

It  moulded  up  with  27  per  cent  of  water  to  a  smooth 
">ass  o  good  plasticity.  It.  average  air  shrinkage  was  8-6 
per  cent,  and  it  burnetl  to  a  red  colour. 
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At  con.'  (110  til.,  fire  shrinkage  was  0-4  p.rc.nt  aii.labs<.rp- 
ti.m  lo-2  p;  r  cent.  At  cone  O",  the  fin-  shriiikag..  had  ineroas.d 
to  10  per  (viit,  with  an  ahsori)fion  of  12-4  p.T  cent.  At  conr 
(W  tjif-  fin-  shrinkap'  was  2-7  ji.t  cent  and  the  ahsori.tion  5  0 
p.T  cent.  The  flay  fused  at  cone  1.  It  will  be  s.vn  from  these 
tests  that  it  does  not  stand  a  very  hifth  d.-gr.v  cf  heat,  and  is 
classed  as  a  l.rick  clay,  Imt  it  rniglit  also  work  for  drain  tile. 

If  tliis  clay  could  l.e  found  near  the  surface  in  some  of  the 
small  stream  vall.'vs  h»  the  neighbourhood,  and  of  sufficient 
thickness,    it    would    well    rejiay    working    for   common    brick. 

All  the  .structural  materials  use*!  in  Regina  are  brought  in 
from  some  distance,  none  being  produced  there.  A  good  d.'al 
ot  concrete  construction  is  us.'d,  and  the  gn'.vel  for  this  i.urpos.- 
IS  brought  from  a  high  terrace  on  the  north  sid.^  of  the  Qu'Ap.)el!.. 
vall.'v  at  Lumsden. 

Saskatoon,  Sask.—Thi-  brickyard  at  this  locality  is  owned 
and  operated  by  Messrs.  Elliott  and  Slack.  The  d,.i,o-it 
worked  for  bri.km.nking  (Plate  I)  c.msists  mostly  of  -^ilty  e|;,y 
containing  l<.n-es  of  s;ind,  and  irregular  bo.li.s  of  stiff  glacial 
clay,  overlying  boulder  clay.  Scattered  through  tlie  ih.j.o.Mt 
are  streaks  and  pockets  of  black  clay,  resembling  weathered 
shale,  which  are  yery  difficult  to  work,  and  particl.-s  of  it  behayc 
as  pebbles  in  th.'  burned  brick.  The  whole  deposit  is  worked, 
the  silty  clay  p.jrtion  being  used  without  admixture,  but  a 
quantity  of  the  sand  is  mix.-d  in  witli  tlie  stiff  clay. 

The  drying  racks  are  provided  with  canvas  scre.'n-  to  prot.'ct 
the  green  bricks  from  cracking  during  the  early  stag.s  of  .{.ving 
(Plate  II).  24.000  soft  ir-id  bricks  a  day  ar.'  produced  through- 
out the  season,  all  going  to  sup])ly  a  local  .leniand.  T'  wutei 
smoking  an.l  burning  in  scove  kilns  is  completed  in  a  .  -parat- 
ively  short  time  at  this  yard,  only  fiv.'  days  being  take.,  for  this 
operation.  Considering  the  unpromising  nature  of  the  matcri.ils 
used,  a  fairly  goo.l  red  brick  is  ))roduced,  anil  the  hard  burned 
ones  have  a  good  ring. 

A  small  sample  of  the  clay  (1802)  as  it  went  into  the 
machine  was  taken  for  testing. 

The  tests  showed  that  while  tlie  clay  was  exceedingly 
gritty  It  work.'d  up  to  a  rather  plastic  mass  with  25  per  cent 
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water.     It  is  non-calcareous  in  character.     The  air  shrinkage, 
3  per  cent,  is  rather  high  for  such  a  gritty  material. 

The  burning  tests  showed  that  it  bums  to  a  light-red 
body,  except    at  cone   1,  at  which  point  it  becomes  brown. 

At  cone  010  the  fire  shrinkage  was  1  per  cent  and  absorp- 
tion was  15-7  per  cent.  At  cone  05,  these  were  1-7  and  14-3 
per  cent  respectively.     At  cone  1  they  were  4-7  and  1-9. 

The  clay  should  make  a  good  common  brick,  but  is  not 
to  be  recommended  for  anything  else. 

Welaskiwin,  .4/<a.— A' small  plant  for  the  manufacture 
of  stifl-mud  bricks  commenced  operations  in  the  season  of  1911 
at  Wetaskiwin,  Alta.  The  material  tised  at  these  works  is  a 
surface  clay,  about  14  feet  in  thickness,  overlying  boulder 
clay  and  gravels.  The  upper  4  feet  of  the  doposi't  is  a  rather 
sandy  clay  loam,  the  under  portion  being  a  stiff  stratified  clay. 
The  upper  part  alone  is  used  for  brickmaking.  as  the  under 
clay  is  too  hard  to  work,  and  cracks  while  drying.  The  under 
clay  could  probably  be  worked  if  sufficient  sand  were  added, 
but  there  does  not  appear  to  be  any  sand  available  in  this  neigh- 
bourhood. No  bricks  had  been  burned  at  this  yard  at  the  time 
of  our  visit. 

Borings  made  for  gas  and  water  at    Wetaskiwin  passed 
through  the  following  measures: — 

Scil  and  sand inf<.o» 

Blue  clay ^^  'f."*- 

Sandstone j   >< 

Blue  shale jT   " 

Alternating  sandstones  and  shales        ass  " 

Coal a  " 

Alleraating  sandstones  and  shales      V.  ....  .^  .......    ..        lai  " 

944   " 

A  light  flow  of  25  pounds  pressure  of  natural  gas  is  obtained  at 
the  above  depth.  This  is  used  to  supplement  the  supply  made 
from  a  gas  producer,  which  operates  the  pumping,  electric  light, 
and  power  plants. 

A  good  flow  of  water  of  excellent  quality  is  obtained  from 
thick  beds  of  sandy  shales  and  sandstones  at  a  depth  of  200 
feet. 


ri.Mt,  I 
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I'l.Mt    II 


Hmkyani  at  Saskat.K.n.  Sask.     Sl,„«,  .IryinK  racks  ...v.-n.!  ,vitl,  canv-.s 
s.  ni-n>,  t.i  pn^vrnt  tiu)  rap.il  ilryins:  a!!!l  von-ctiur'nt  it:-.:  kinu  of  tl,.-  l.rii-kN. 


,-_,v*=**'^v 
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Camroif.  Alta.  -X  snmll  pl-.itit  makitiK  .stiff-mu.l  Itrick 
fr.'tn  niacial  clay  is  (iptriUpd  inttTiiiittfiitly  at  ('umr.wr,  Alta. 
Thf  day  i.s  faintly  stratifit'd  and  carri.'s  soatttTcd  pchWrs  so 
irrpgularly  distrilmtcd  that  many  portions  of  thf  deposit  cannot 
be  worked,  although  c  in  parts  of  the  clay  wliich  ar.'  fairly 
free  from  them  can  he  utilized.  During  thr  last  attempt  to 
work  this  deposit,  too  many  jM-hhles  were  allowed  to  pass  into 
the  bricks  and  the  result  of  this  was  disastrous. 

Wninwright.  All<t.-  X  small  fpiaiitity  of  conitnon  brick 
was  made  during  tlie  summer  of  1010.  at  this  town.  The 
deposit  worked  consisted  of  silt  and  s.ind,  with  .i  few  poekets 
of  clay.  The  bricks  when  burned  were  too  wenk  and  porous 
to  be  of  any  value,  as  the  sand  content  was  too  ureat,  and  the 
site  was  abamhmed.  Messrs.  Taylor  and  Clark  beRan  inakinK 
stiff-mud  bricks  durinj?  the  .sea.son  of  I'.Ul.  The  deposit, 
situated  a  sliort  distance  west  of  the  abandoned  site,  is  ahu-hd 
dri.t  consistiiiK  .,f  irregular  masses  of  silty  clay,  sand,  and  jtravt  1, 
with  some  minor  pockets  of  stiff  clay.  These  cl;  ■  pockets 
are  .so  .scattered  through  the  otlier  drift  materials  tha*  a  large 
area  will  have  to  be  worked  over  to  assemble  suffii.i,.nt  day  to 
keep  a  brick  plant  in  operation  constantly  throughout  tlies.^ason. 
No  burning  had  been  d(me  in  large  kilns  in  this  yard  at  the 
time  of  our  visit,  but  some  bricks  burned  (m  the  ground  in  a 
small  test  kiln  were  liard  and  of  a  good  red  coloar. 

A  ca.sual  examination  along  the  line  of  the  ( irand  Trunk 
Pacific  railw.ay  shows  a  lack  of  t)rick  days  f.)r  a  consideral)le 
distance  both  east  and  west  of  Wainwrigllt.  Tliis  line  for  the 
greater  part  of  its  course  between  Saskatoon  and  Edmonton, 
traverses  a  region  covered  with  a  thick  sheet  of  glacial  drifti 
consisting  of  sand,  gravel,  and  boulder  clay.  The  monotonous 
succession  of  ridges  and  mounds,  with  small  shallow  deiiressions, 
many  of  wliich  contain  water,  are  characteristic  of  glacial 
topography. 

.Some  small  sami)les  of  surface  clay  were  collecte.l  in  the 
northern  part  of  ttie  Province  of  Saskatchewan  by  W  m.  Mclnnes, 
of  the  Geological  Survey,  during  Ids  explorations  in  that  region,' 
and  were  tested  by  J.  K'eele,. 

One  of  these  (1832)  was  a  gritty  non-calcareous  clay  from 
the   valley   of   the    Wuskatasko    river,    .t   tributary   of   Grai=sy 
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river.  It  worked  uji  with  22  i)er  cent  of  water  to  a  rat 
plastii-  mass  havinii  uii  air  sliriiiiia»je  of  5  per  cent.  It  l)iin 
to  a  li)£lit-reii  hriek  at  amv  (tlO,  witli  0  7  |)er  rent  fire  shrink; 
and  2(1  per  cent  ahsorption,  the  hody  heinir  almost  st.rl  ha 
At  eone  («  the  t)rieklef>  were  vitritieil,  with  a  fire  slirink: 
of  11  per  cent.  'Hie  clay  was  comph-tely  fused  at  ('one  1.  'I 
material  makes  a  (rood  comm(m  l)rick. 

.\  second  sami>le  !is:{:{i,  is  a  cah'areous  surface  clay  fn 
Wu-kwatim  lake.  Tlii<  one  developed  only  mediuiM  plastic 
wlien  mixed  witli  water,  and  harl  an  air  slirinkane  of  .': 
per  cent.  It  liurn.il  in  a  light-red  porous  hody  at  cone  0 
witli  a  tire  ?lirinkage  of  1  per  c(nt.  but  the  aksorption  v 
hijih.  heing  24-8  i)er  cent,  .\t  cone  (W  tlie  l.ody  was  vitrifi( 
and  the  fire  -hrinkajre  cf    12    jit    cent    was    high.     Tliis  cl 

(Used    at  cone   I . 

It  .should  make  fairly  (lood  common  l>rick,  hut  needs  to 
luirned  somewhat  liinher  than  con-  d!'  . 


-.liallow   pits  n 
amount  collect 


Hoth  sami)les  of  ci.iy  were  t^.kea  fro., 
more  than  a  foot  below  tlie  surface,  :iml  th( 
was  too  small  for  a  complete  test. 

.V  larne  sample  of  surface  clay  from  the  Fas,  Saskatcliew 
river,  w.is  submitted  by  ,lohn  Armstrong,  (,".E.  Tlie  materi 
was  colle(  ted  from  the  trenches  made  to  receive  the  abutme 
for  the  Hudson  Hay  railway.  This  w;is  a  highly  calcareo 
glacial  clay,  containing  numerous  limestone  or  dolomite  pebb!( 
The  clay  burned  to  a  buff-coloured,  porous,  weak  brick 
all  cones  up  to  eone  ;{.  and  is  useles:?  for  the  manufacture 
structural  wares. 

Wri/burn.  Siisk.—Th\<   town   lies   on   the  Moosejaw-Port 
branch  of  the  Canadian    Pacific    railway,    and  is  surroundc 
by   rolling  prairie  country,   whose    surface    material    is  all 
Pleistocene   age.     It   consists  of  dav  loams,  sand,  and  bouldi 
drift. 

In  the  autumn  of  1910  a  brick  yard  was  started  by  Hun 
Bunting,  and  West,  about  three-fourths  of  a  mile  northwest  ( 
Weyburr,  and  alonu'  the  railway  track.  The  material  used  was 
loamy  clay  lying  immediately  below  the  surface.     This  brownit 
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clay  extend..!  l.    a  d.j)!!,  „f  about  ti  fe.t,  an.i  wa.-  uii.l.rliiin  by  "a 
thii.  bed  of  gravel,  and  this  in  turn  by  gumbo. 

The  .hi)...sit  is  typical  of  many  that  mav  be  found  m  this 

part  of  the  Plains  r.    i.m. 

• 

At  the  lim.-  ..f  our  -isit  the  plant  was  still  in  an  experi- 
m-'iital  -tage. 

It  was  equipp.'.l  with  a  dry  pan,  inclined  stationary  scr. .  n, 
an.l  a  4  mould  dry-press.  There  wr.- 1  hr.,.  circular  kilns  m  f.-.t  in 
diamet.T,  and  the  B.)ss  syst.^ii.  of  forc.d  draft  was  u.sed.  The 
fu.l  .  inployed  was  lignite  fnun  Hienfait. 

No  tests  w.T.'  mad,-  „f  th.'  cljiy,  but  it  burns  t.)  a  r.'.idish 
col.)ur. 

Eilmoutun  .1/^;.— Attention  was  c;ille.l  in  last  year's 
r.'port  to  the  ext.nsiv.i  us.'  of  fl.KMJ-pIain  day.  for  common 
an.l  pr.'ssed  I. rick  at   this  locality. 

We  also  .l.s,Til>e.l  two  unwork.-.l  .l.-posits.  which  appeared 
to  us  t.)  be  of  bett.-r  gra.le,  th;.t  is  more  plastic,  than  the  Ho.jd- 
plain  clays  that  wen-  in  u^'.     'I^.^ts  of  these  were  given.  * 

Heferenc  was  also  made  to  a  clay  deposit  being  worked 
7  nules  n.)rth  of  Kdmont.jn,  whidi  we  did  n..t  have  tim.'  to  visit 
in  HMO  but  did  in  1011. 

This  is  the  plant  of  tlie  Acme  Brick  I'o.-paiiy  (Plates  III, 
IV)    h)cated  along  'he  line  .)f  tlie   Canadiar   "  ..rtli.rn  railway.' 

The  deposit  here  (Plate  V)  presents  a  somewliut  dilTerent 
section  from  elsewhere. 

The  upper  day  is  laminated  and  t..ugh.  while  under  this 
there  is  a  very  san.iy  clay  from  12  to  1.5  fe.-t  thick.  This  sandy 
day.  which  is  dense  an.l  hard  to  break  d<n\-n,  contains  some 
streaks  with  gypsum  rosettes. 

The  top  day  if  used  al.me  cracks,  and  consequently  the 
Company  eii>pl.,ys  k  mixture  of  one-half  top  day,  and  one-half 
lower  sand. 

The  day  i.-i  hoisted  up  an  incline  to  the  yard,  where  it  is 
put  through  a  rolls  an.l  j)ug  mill,  and  th.-n  moulded  in  a  Freese 
combinati(jn  machine. 

Part  of  the  bricks  are  .Iried  by  artificial  heat,  and  the 
overflow  i.-«  hacked  up  m  sheds.     Up  to  the  preser*  time  the 
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Company  had  hocn  using  scove  kilns,  hut  tlicv  had  just  com])lctei 
one  rcrtangular  kiln  which  was  to  he  tired  \>y  the  Boss  systt'ii 
of  forced  draught. 

Laboratory  tests  of  the  yellow  clay  (1764)  showed  it  to  b 
very  gritty  and  of  calcareous  character. 

Nevertheless  it  worked  up  to  a  fairly  plastic  body,  whos 
average  air  .shrinkage  was  7-2  per  cent.  Only  a  few  Imrnini 
tests  were  made  of  the  wet-moulded  bricklets,  and  the  result 
of  these  are  given  below. 


C'lmf, 

Fire  .^lirink.-tK*^- 

.\I>sorpti«)n. 

rolour. 

010 

W, 

0.! 

:( 

5 

0  4 

OS 

1  A 
10  0 

Fu!*«-'*i. 

22  0 

lil  4 

117 

Vitrili.-,i. 

I.iijht  ri"'. 

Knl. 

Ilrown. 

These  test.s  indicate  that  tin-  clay  burns  to  a  good  red  body 
although  a  somewhat  absorbent  <iiieat  cone  010,  and  the  shrink 
age  is  still  low  at  cone  03.  with  a  considerable  drop  in  th 
absorj)tion.  It  makes  a  good  common  brick  by  the  soft  mui 
process,  but  it  i.s  doubtful  if  the  material  could  be  used  for  tire 
proofing   and   drain   tile. 

It  is  interesting  to  compare  this  clay  with  two  collecttM 
last  year,  one  of  these  ( lt).")9)  from  terrace  near  tlie  Universit; 
of  Alberta,  and  the  other  (1055)  from  4  miles  northeast  ti 
Ednumtoi). 

Its  (1764)  air  shrinkage  is  a  little  lower  than  the  other  two 
It  burns  less  dense  at  cone  010  than  the  other  two,  but  ha 
about  the  same  fusing  point.  i 

lias.iano,  .l/^(i.  The  Bow  river  makes  a  large  bend  soutl 
of  liere  wliich  is  known  as  the  Horseshoe  Curve.  The  bank 
are  about  90  feet  in  height,  siid  show  nothing  but  boulders 
clay,   and  silt. 

In  drilling  a  well  for  gas  at  Bassano,  the  .shales  were  struci 
at  a  depth  of  about  125  fe(>t. 
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CHAPTER   II. 


Shale  Formations. 

Creta(  Eous  Shales. 

Shales  of  Crt'taccous  age  and  lower  than  th...  Laramie, 
which  cannot  be  classed  .s  wholly  Cretaceous,  are  worked 
only  in  Manitoba. 

In  that  Province  they  extend  from  the  Pembina  river 
at  the  International  Boundary  northwestward  along  the  base 
of  the  Pembina,  Riding.  Duck,  and  Porcupine  mountains. 

In  Manitoba  this  .system  contains  in  ascending  order  the 
iJakota,  Benton,  Niobrara,  and  Pierre. 

The  general  relationships  and  characteristics  of  these 
were  discussed  in  Memoir  24-E. 

PIEKHE  AND  XIOBKARA. 

There  i.s  a  marked  difference  between  the  shales  of  these 
two  formatums,  as  last  year's  tests  showed. 

The  Pierre  .shales  weather  but  slowly,  the  main  change 
being  a  disintegration  of  the  shale  d^;..,  H  into  a  number  of 
.^caly  fragments.  Even  these  when  ground  up  and  mixe.l 
with  water  do  not  yield  high  plasticity,  nor  do  thevbiirn  rea.lilv 
to  a  dense  body.  They  are,  however,  sometimes  more  refractory 
han  most  of  the  .shales  of  the  Great  Plains  area,  showing  a 
fusing  jioint  of  as  much  as  cone  15. 

The  Niobrara  shales  on  the  other  hand  are  d.'ci.le.llv  more 
plastic,  denser  burning,  and  with  a  much  higher  shrinkaKe 
and  tensile  strength.  They  also  burn  to  a  better  colour,  but  ire 
sometimes  gypsiferous,  so  that  after  burning  the  gvpsum  unless 
well  broken  up  may  show  itself  as  white  sp.'cks.  On  the  otl,er 
hand  the  Niol)rara  shales  do  not  stand  as  much  heat  as  the 
Pierre  shales,  and  may  at  times  develop  black  coring  if  not 
burned   slowly. 

3.V,;n— 2i  10 
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*    f  ■  which  W.T.-  iiKule,  the  -suggestion 
As  a  result  of  some  ^'•^<'/^'"7,''.  '    ,,.  ,  „,i^ture  c.f  Pierre 

A  number  ot  tests  oi   i  ni'     •  ^j^^^^^,  mentioned 

.hale  .vere  given  in  ^^y^^^J^^!^  ,,  L^arv.     None  of  the 
the  only  one  bemg  worked  ^^a»  ^  '^  ,    j^,,.^!   ti,e    Pierre 

Pierre   shales   tested   ^vere  '-^-\^^^\Jl,,  .ne  locality. 

.hale  has  been  ---^-^"f'';^,':  : ,  "  ^h  d  beU.v.  " 

viz.,  LaRiviere,  Man.,  and  t h.  ^^^^^^^^^ 

"'"'These  several  localities  are  next  described. 

.V,out  84  miles  southwe^  ^^^^^Jty  low  hills,  the  slopes  of 
itself  lies  m  a  small  %alk>  surrou  .  ^^^^j^_    .^^^^j  ^^  ^^ 

manv  of  .vhich   show   "^' ""'^^  ^J   *;"       ,,„und  the  to^s•n  and 
,,uit;  evident  from  the  numerou.  out    o^^^^^         ^^^^^.^^  ^,^^^^  ,,.„, 

t\u>se  in  the  railway  cuttmgs  to  ^^^^^,,      The  plant 
i,  a  very  large  '>--^'Vn':'co"is  -ated  on  the  edge  of  the 
of  the  Phoenix  Pressed  R"^b;^;-;\ ,,  escarpments  (Plate  VI). 
,,,..,  at  the  base  o.  one  o   th  s^^sh    '  ^^^^  ^^^^.^ 

-^;::L  the  usual  charactensti^^^^^ 

formation.     TiuU  .s  to  say.  ^      ^^^^  ^^^^^^.^^  ,,,,  ,,, 

-^^  ^'^'^^{  S:^r:' ^^^  of  this  roeU  that  were  testeu 

pviicrienceu  wiiii  on  •         .i- 

e^P"""  „. Ill,  l-ist  vear  s  work. 

>,,  us  in  connexion  ^^uh  '-^  >^'^  ^^,„  ,,,,,„i,  most 

The  entire  thickness  of  the  >     U    b.  nk  >      ^  ^^  ^^^^   ^    ^^^  .^^ 

of  the  material  for  'be  f-U,ry  bnn.  t.d.^^^^  ^^^^^^  ^^^  ^^^   ^.^,^^. 

{„,t  of  the  d.'posit.  and  ^^^     J;;"^/;,,.  ^.tferent  part.s  of  the 

much  difference  .n  the  =^;;P-™',,°J,  ,,,  ,,.,  ,,.nk  into  several 

bed.  still  the  brick  manufacturtr  -liM 

benches. 
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The  upper  30  feet  is  called  the  top  bench.  The  next  30 
feet,  .spoken  of  as  t'le  second  jjench,  i.s  sui,i  lo  burn  slightly 
browner  than  the  overlying  material.  Near  tlie  ba.se  o'f 
the  bank  is  a  4  foot  layer  of  shale,  which  was  claimed  to  be 
refractory. 

The  material  from  the  upper  bench  (  17-l.j),  is  a  some- 
what  hard  shale,  which  does  not  weather  down  easily,  and 
after  Rrmding  and  mixing  with  33  jxt  cent  of  water,  gave  a 
mass  which  was  only  feebly  plastic,  and  difficult  to  moul.i. 
The  average  air  shrinkage  was  4-8  i)er  cent,  but  the  tensile 
strength  was  wry  low.  It  seems  so  short  that  it  is  doubtful 
whether  it  could  be  moulded  by  any  plastic  process. 

By  taking  care,  some  wet  moulded  bricks  were  made  fr..in 
It,  and  these  gave  the  following  results  o.i  firim?. 
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These  tests  sliow  the  shale  to  have  the  usual  characteristics 
of  the  Pierre  shales.  At  the  temperatures  conunoniy  reached  in 
brickmaking,  the  shrinkage  is  not  excessive,  but  the  absorption 
is  altogether  too  high.  The  clay  is  barely  steel  hard  even  at 
cone  9. 

A  dry-press  bricklet  burned  to  a  light-red  colour,  and  at 
cone  03  liad  a  fire  shrinkage  of  (3  per  cent,  with  an  absorption  of 
23-4  per  cent.  At  cone.  I  the  lire  shrinkage  was  7-,")  ner  cent, 
and  the  al)sorption  18-5  per  cent.  The  colour  had  deepened, 
but  the  clay  was  not  steel  hard. 
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It  i^  pr(ili:il>lf  tliut  the  riry-pros  i)ru(<>-  i>  tlic  (iiily  uiu'  to 
use  witli  this  clay,  even    thougli  it  givo  a  very  ponms  hrick. 


Htat  treatment  e n pressed  •n  cc-ies 

Y\v,.  1.  -Alisurmicin  ami  fire  slirinkiiBi-  curves  uf  -halo  from 
LitUi\irri.  Man. 

Thp  ;<lialc  from  the  second  bench  yll^ii)  is  more 
thinly  laminjited  than  the  preceding,  but  does  not  weather  down 
any  more  readily.  Like  other  samples  of  the  Pierre  shale  it 
took  a  liigh  percentage  of  water  to  work  it  up,  and  gave  but  a 
feebly  plastic  mass,  whicli,  however,  was  consideraljly  more 
plastic  than  tlie  preceding,  and  yet,  altliougli  absorbing  this 
liigh  amount  of  water,  its  air  shrinkage  was  not  excessive,  being 
5  per  cent.  The  average  tensile  strengtli  was  not  high,  viz., 
51  pounds  per  square  inch. 
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This  shale  shows  a  slightly  hipln-r  fire  shrinkuKe  than  \o 
1  -  4..  hut  U  .s  „„t  nnu-h  lower  in  its  ahsorption.    It  is  pra-ticallv 

press  bneklet  at  eone  (,;5  l.ad  a  firo  shrinkage  of  7  per  rlnt 
absorp  ton  of  23-4  p  r  cent.  a,.l  liKht-re<l  colour.  Anot  .er  one 
burned  at  cone  1,  had  9  p,,  cent  fire  shrinkage,  18.,        r   Jen 

stedCd'  '""""'  '"'""^-    '^'''^  '"'''■'  ••-■'^■''t  --  --? 

oth,  J'l.'r?'''^"""'''  "'  ^'""'"^  •"'  compared  with  sotne  of  tiie 
o  her  shale  formations  of  the  C.reat  Plains  is  interesting.  Thev 
ar  no  fireclays,  but  they  do  stan.l  a  very  fair  degre,.'of  ,  a' 
^l^..  the  fusmgpouit  of  cone  15  which  is  2000°  F.  (1430°C 
T^vo  other  Pterre  shales,  one  from  So-  ris  (10:i2.and  the  o  le  from 
A.ssu.ibo.ne  river  (1G34)  were  not  fused  at  cone  r,  rZ 
su-cdled  fireclay  from  the  bank  of  the  brick  wo  ^  .  L  Hiv'' 
also  fused  at  cone  1.5.  '-.inuK  rt 

If  this  clay  is  to  yield  a  good  hard  brick,  i,  should  he  worked 

Irj -press  and  well  burned.     If  some  local  surface  clav  could  be 

fo  nd  near  by  to  n.i.x  in  with  it  tnuch  better  resulti  cou  d  be 

obtanied,  and  w.th  such  a  mi.x.ure  the  shale  could  proL   1     bl 

used  for  hreproofing  in  a  stifT-mud  n.achine,  ^ 

A  somewhat  continuous  attempt   has  1,,.,,  n.ade  to  make 

tliL    plant   has   undergone   several    clian^es.     When    the   nhixt 
-as  v,s.t.^  in  June,  1911,  the  proces.  iueltded  the  ul  1    .    t 
^grator.  tw<.  short  pug  mills,  and  a  Bra.ll.  v  and  Cn.v.n  .en  - 
plastic  machme.  '  "" 
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The  lattor  consists  of  a  rcvolvinx  tabli-  similar  to  that 
used  with  the  Sword's  stiff-mud  machine.  As  the  bricks  come 
from  tlie  mouhl  they  are  pushed  forward  automatically  to  a  owe 
mould  re-press.  Tlie  ])lant  was  originally  equipiKMl  with  a 
6  mould  Boyd  re-press,  hut  this  is  said  to  have  been  a  failure. 
The  Company  also,  for  some  unexplained  reason,  installed  a 
drj'er  for  tlie  dr..--pros.sed  brick. 

The  burninK  is  being  done  in  circular  down-draught  kilns. 

The  shale  would  i)robably  work  very  nnich  better  if  it  were 
mixed  with  some  j)lastic  surface  clay  to  be  found  in  the  vicinity. 
Moreover,  owing  to  the  toughness  of  the  raw  material,  care 
should  be  taken  to  grind  it  sufficiently  fine,  as  the  bricks  now 
being  made  are  quite  coarsely  granular. 

There  still  repiains  the  possibility  of  using  a  mixture  of 
Pierre  and  Niobrara  shales.  Tlie  Niobrara  shale  outcrops 
in  the  country  around  Morden,  and  the  I'itrre  shale  extends 
farther  cast  than  LaRivi^re.  The  problem,  therefore,  would 
be  to  locate  a  plant  at  a  point  where  the  two  are  close  together. 
Since  this  po.ssibility  exists,  a  mixture  ;1717j  wa-  tried  consist- 
ing of  two  parts  of  Pierre  shale  from  LaRiviere  and  one  part 
of  Niobrara  shale  from  Leary.  We  used  the  Leary  material 
simply  because  we  had  some  of  it  in  the  laboratory.' 

This  mixture  when  wet-moulded  d-veloped  excellent 
plasticity,  and  had  an  air  shrinkage  of  ")  i)er  cent. 

The  t  -liming  tests  of  the  wet-moulded  bricklets  were  as 
follows :— 
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It  is  interesting  to  compare  tlie  results  of  these   tests   with 
those  of  the  Pierre  shale  alone   (See  LaHiviere  1745  and  1746). 

'This  WM  a  aaiiipli'  ODllccti'il  in  tin'  sjiihiht  of  1!I10.  ami  described  in  Memoir 
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Tl...  iuldition  of  tl...  Xiohrant  slut.    ,li.l  ,..,(  alf,.,.t  th..  fir      I  r.   i 

"'■  7t  '•■■•  '•  '"■■"<'<"  •'"» »i;.:;;p,,:,;';:,,,';:;:,,ts- 

As  this  niixturo  was  of  >r,.,„l  nlasticitv    u  s.i...,.i      t  ■.      " 
-though  a  3  inch  annul.:;  ai...'-r^:;Zt;^^^ 
1  h  s.  p,p,.  were  then  ph.-.i  in  a  larg..  s..w..r-pi,H.  kih.  fir-d  a        u'. 

r    .nt      If  such  a  nuxtur.  w.re  us...l  f.r  s..w..r-pip..,  it  „n«h 
I  •   «.•  1  to  Kn.V  ^t  .n  a  w.t  pan.  as  this  wo«i.l  pr  ,1  al.lv  ,   '    , 
Mnooh.r  surface  to  th.  pip...     Th-  n.ixtur..  is  su  fi..i,.n,lv  n  fr  . 
K-ry  to  stand  salt  glazing.  '        '^■'    ' 

This  same  mixture,  or  perhap>  on.  with  .vn  l.-s,   \.„i.p,... 
|;lu^-n.t,  could,  w<.....li..ve.  also  ,„.n.c.o .ndM  for  t^;;!;::,^ 

.Wa/cAn,.„.  P^r.nc,      I     ,,,.•  Provin. f  Saska„.,,..wan. 

.    li.rro  .sha!,.    are  exposed  fur  several  n.iles  in  high  ,lirt>  ,„ 
th.'  Hrandon-^askatoon  l.ranch  of  the  Canadian  PaeiJ;.  ^'ul," 
IJiese  are  seen  shortly  after  the  railway  line  je^v..     tl 

r,',r;;:°  tr::'^M;:;,'^"  '">■  '«■ '»-  «^" n. »- 

tr..,,;*,!™'""  .r'"''':  "'  """"•"•''  'I'"!'  (1810.  >.t  .hi,  cl,ar,„-l,.r 
Mtl   .1.)  „,.,  „M  ot  wal..,,  gav,  a  ralhrr  rticky  l,„|v    ,1,  „     "' 
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At  cone  (11(1  it  >li((Wf(i  nil  fire  shrinkage,  :in  al>Miri)tiiiii  of 
II  1  jHT  cent,  ami  \v:is  steel  liaril.  \t  cone  I),'),  the  tire  slirinkafte 
Was  0  -3  iier  cent,  and  alisor])tion  1   H  jxr  cent. 

It  will  ho  s.  .  11  from  these  tests  that  it  dellsitied  (|liite  r.i|>idly. 
The  clay  vitrifies  at  cone  1.  and  is  to  lie  classed  as  a  hrick  ci:i\ . 

Till'  shales  in  the  iijiper  jiart  of  the  valley  sli/j)es  are  hard 
and  non-i)!a-tic,  hut  if  tlie»e  wi're  mixed  with  the  softer  plastic 
shale  lower  down,  they  would  prohalily  pi\'e  jiood  results, 
if  used  for  making  fireproofing  f>r  hrick. 

The  valley  hottoni  also  contains  some  loamy  clays  an''  f, 
dai.-^  coloiirecl  surface  clays,  which  might  also  ser\e  as  ,>i,i-.tic 
ingredients  to  use  with  the  hard  shale, 

A  lied  of  lientonite  i?)  aliout  7  indn*  in  thickness,  occurs 
overlying  the  I'ierre  shale.  It  was  e.\))osed  near  the  residence 
of  Senator  Diniglas,  which  overlooks  the  liu'Ajjpeile  valley, 
a  few  miles  east  of  Tantallon.  This  material  seems  to  posse.ss 
all  the  properties  of  the  lientonite  which  occurs  in  the  Edmonton 
series  at  Cainrose  and  i^  deMTilied  in  u  later  part  of  this  rejiort. 

Tlie  iqiland  country.  iiMr'i  i;!  .'  •  to  tlie  ■.•.  t- 1  of  Tantallon, 
is  well  woixled,  and  should  yield  a  good  supply  (jf  dry  poplar 
fuel  U>T  burning  clay  products. 

The  Niolirara  shales  occur  along  the  west  shore  of  Lost 
Mountain  lake  (Plate  I.Ki.  in  the  Province  of  Saskatchewan. 
These  shales  are  exjMiseil  in  the  cuttings  of  the  newly  constructed 
Hegina-Bulyea  branch  of  the  Canadian  Pacitic  railway. 

The  first  exposure  is  seen  about  4j  miles  north  of  Vale- 
port  junction.  It  consist.-:  of  dark  grey,  weatliered  siiale,  being 
very  soft  and  easier  to  excavate  than  the  boulder  clay  which 
overlies  it.  There  is  a  thickness  of  9  feet  of  shale  exposed 
above  the  railway  track  at  this  point,  with  an  over-burden 
of  3  fe<'t  of  glacial  drift. 

Tlie  .shale  contains  small  plates  of  gypsum  and  numerous 
ironstone  nodules  or  concretions,  but  they  are  mostly  large 
enough  to  be  thrown  aside  in  tnining, 

A  sample  of  this  shale  (1SI)3)  mixed  up  with  27  per  cent 
of  water  to  a  tough,  compact  mass  that  was  liard  to  work 
when  wet,  as  it  was  very  jilastic  and  sticky  ind.  moreover,  did 
not  stand  rapid  drying. 
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^l.n„kM«,.  WM>  2.1  ,,..r  ,..nt  atul    al,.,„-,.„„„    7  .s    ,„.,   ,,.,„     .., 

-■"•'..().,.  f.r..  .hnt.kafi,.  4  .;{  ,M.r  ,Tnt  an,l  al.„r,,„„„  :r  .-,,„.,,,,„  . 

;','  '■';'"■"•<• '■'■•'-I'nnka,..  7.,),„.ro.„t  a,„l  al,M,rp„„„  ..  prrn.,.,  ' 

Ilir  clay  sciltcii-;  a*  cpiir  ."). 

It  >!...«•.  a  t,iHl..,„-y  to   hiack   rurv  aii.l    l.l,,at.an.l   i<  i„,t    a 
\'-ry  ilcsiral'.    material   tu  tisc  aloiir. 

\  ary-,,n  V.  l.ri.-klrt  was  also  tfir.l.  a,„l  l.unn  ,1  tu  a  Lr,M„l  ,v,l 


irick 


'•'-nr  (i:V  ,.x,...,,t  for  tl„.  ti,v  , rack.      Thr    .lax   alll,„uj;l, 
"-■'•"mt.K  ,„  ,1,,.  .a„„.fon„ation  a^  that  at   L.-arv.  .lo.;  not  work 
11)'  .'>  Will.      11,,.  jrypMiiii  scal..>  alvo  turn,  whit, 
liiiriiiiin. 


ii    ..-pi'i'ks  ill  ill,. 


<  ^v„,Kl,.  th,.  Mu-ky  plasti,.,.l,ara...,.rof  ti„.  ..|av,  ,t   would 
'"•  'I''"-""   to  u.nformly  iiicorp.irat..  a,iv  ^ai,,!  w,tl.  it    m.lr..  ,t 
wr,.  dri,.,l  a.i.l  tM„,n„l  iM.for..  .loing  tlii^.      Ilnwrv,.r    lli,.  ,.xp..,i 
n...nt  was  ,na,l..  of  .nixing  i„  :VA  ,„.r  ..,.nt  of  sa,i,l,  hut  .v,.,,    ti,,.,, 
t  '.■   h,,,ly  was   stm  v,.ry  stitV  an.l  woul.l  not  stan.l  fast  .Irvi,.^ 
1  h..  a.hlit.on  01  sa.Ml  r,,!,!,,.,!  th..  air  shrinkap.  to  7  i..r  ..,.,,1." 

-Vt  .•o,„.  (11(1  tli,.  tir,.  shrifka^r,.  of  tlu^  nnxtur,.  was  (I  per  ,.,.nt 
an.l  th..  al.s..ri.t,on  IM  p,.r  ,,,,,,  At  .on,.  (.:,  th-  tirr  shnnkas,. 
wa«  .?  p,.r  c.nt  an.l  ahs.iri.tion  s  p,.r  ,.,.„(. 

'''1"'  ••"'I'liti.Mi  of  th,.  san.I,  th..r..for,..  r...hif,..  th..  (ire  shrinkauo 
'"i«l  "I"''..-  up  th,.  l,o,|y,  |„„  ,.v,,,  so  th,.  tnixtur.  wouhl  i.rol.ahlv 
cans.,  trouhlc  in  working. 

I'n.la.atinK  an.l  w,.at)i,.rint:  nii^rht  possihlv  mii.niv.'  th..  clav 
t'Ut  no  n...n..y  shoi.l.l  l„.  ,.xp..n,l,.,l  for  th..  installation  of  a  plant' 
until  tli.>  inat.'rial  is  th.ir.niKhly  tri...l  .nit. 

Tli.tv  ar..  a  minilMrof  ...ttinKs  ,.xt..n.hnn  f..r  s,.v..ral  inihs 
iH.rth  of  this  point,  an.l  all  .showing  similar  niat.rial.      Th.'  slrih. 
.......irs  tn.isllyas  ,.„r,.s  in  l.ouhh.r  .lay  spurs    whirh   l..a,l   fro,,, 

th,.  h.v..l  nplan.ls  to  th..  lak,.  shore.     Th..r..  ar,.  n,.  natural  out- 
.■rops  an.l  th,.  ,,r..s..nn.    of    thr    .shal..    wouM    1„.    ,|u,(,.    „„sus- 
P....I...I  ,f  ,t  w,.r,.  not  for  th..  ..x..,.ivali.ms  ina.h.  for  th,.  railway 

111.-  shal,.  ..xi...M.,l  at   l{,.tri„a  H,.a,.li  station,  an.l  f.ir  a  n.ih.  or 
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more  nortli  of  this  point,  cmtaiiis  :i  larfc  quantity  of  phitcs  and 
crystals  of  nyi"*'"«>  s^'^  ^^'''l  ■^'^  irons'  t  ■  nodules. 

A  sami)le  of  the  Ryiisifcrous  sludi-  from  Retina  Beach 
(1804)  was  tested  in  tlie  lal.oratory. 

This  is  a  stitT  stieky.  shale,  whieh  rraeks  in  air  drying.  It 
could  not  he  wet-moulded,  and  some  dry-press  brickh'ts  \ver<> 
tried;  hilt  while  these  could  he  moulded,  they  cracked  badly  in  a 
12  Ixnir  liuru  to  cone  010. 

The  material  is  not  recommended  for  hricks.  hut  it  could 
])rohahly  he  u>ed  for  makinsr  hurned-day  railway  ballast. 

No  shales  were  observed  in  the  heavy  cuttings  of  the  Craveii- 
C.ilonsay  branch,  alonji  the  east  shore  of  Lost  Mountain  lake. 
Thes.'  excavations  are  al!  in  an  exceedingly  comiiact.  dark-firey, 
gritty  Ixmlder  clay,  whii'h  contains  numerou-  small  rounded 
pebbles. 

lU.I.LY    UIVEll    KOKMATION 

The  wide  distribution  of  this  formation  can  tx'  seen  by 
reference  to  the  geological  map.  but  it  is  well  to  repeat  here  what 
has  been  said  before,  viz.,  that  while  it  und.'rlies  a  very  large  area 
there  is  usuallv  such  a  heavy  mantle  of  I'leistocne  material  that 
outcroi)s  are  si'arce.  Tlu'  H.'Uy  Hiver  shahs  arc  cmsequeutly  to 
be  sovight  for  only  in  the  (h'ei)er  valh'ys,  although  even  there  the 
shale  beds  may  n<it  be  continuous,  partly  becau.se  the  surface 
of  the  bed  rock  is  uneven,  and  the  covering  of  later  clays  and 
silts  may  extejid  below  the  river  level  in  places. 

Attention  has  been  called  to  the  fact  that  the  Belly  Uiver 
shale  deposits  are  of  lenticular  character,  and  that  neighbouring 
lenses  are  not  necessarily  alike,  a  fact  that  points  to  the  nei-d  of 
careful  i)rosi).>cting  in  the  .search  for  .suitable  materials. 

Taking  the  case  of  two  beds,  lying  one  above  the  other,  we 
find  that  one  may  fuse  at  cone  1.  while  the  ui)per  may  stand  cone 
Is;  or  one  may  dry  without  cracking  while  the  other  gives  nuieh 
trouble  from  this  cause;  or  again  one  may  burn  buff,  while  the 
other  bums  red. 

These  statements  should  not  be  interpreted  to  mean  that 
the  lenses  are  small,  for  many  of  theui  are  of  considerable  size. 
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\\  (■  fcfl  it  nccpssary,  Ikiwcvit,  to  cav.iion  invoturs  to  test  the 
clay  properly  before  eonstnietinic  a  elay  plant,  for  we  know  of 
instances  wliere  much  money  has  been  expended  in  setting  up 
machinery  to  work  some  of  thrs,.  clays  into  products  for  wlii.h 
the  raw  material  was  unsuitcd.  It  seems  to  us  i)ossil)le  to 
lict.Tmine  this  heforeliand,  and  indeed  we  Ijave  l,,-.),  ahle  to  do 
SI.  in  our  laboratory   tests. 

Lying  as  the  Belly  Hiver  formation  does,  in  central  and 
southern  AllxTta.  it  should  he  seriously  eon-idered  by  tlie  manu- 
facturers of  clay  products,  and  yet  up  to  the  i)resent  time  it  has 
been  utilized  only  in  the  vicinity  of  Ab'dicine  Hat. 

Mcliciiif  Hat.  AlhaUi.  In  our  rei>orI  of  last  vear  .-i  des<rii)- 
tion  was  given  of  the  plant  of  the  .Mberta  Clay  Products  C.m- 
pany.  h)cated  at  Medicine  Hat.  and  also  of  theClay  bank  w!,ic]i 
was  being  oi)ened  up  near  Coleridge. 

Since  th.'u  the  plant  lias  b.'<.n  completed  and  put  n.  oixra- 
tion,  the  products  consisting  chiefly  of  dry-i)resse<l  brick  and 
fire]iroofing. 

The  i)lant  is  equipped  with  dryjjans.  inclined  screens 
wetpans,  pipe  press,  and  dry-i)ress  machines. 

There  is  a  large  five  story  drying  building  with  flatted 
drying  floors,  and  i)ipe  coils  underneath  them.  The  temperatiire 
in  this  liou.se  is  kept  at  about  80°  F. 

It  was  originally  planned  to  utilize  tliese  floors  for  drying 
sewer-pipe,  but  since  tlie  clays  at  Coleridge  are  not  found 
suited  to  this,  the  building  has  been  used  for  drying  firei)roofing. 

The  clily  for  tlie  dry-])ress  brick  is  ground  in  dry  i>ans, 
screened  and  sei.t  to  the  dry-i)ress  machines.  From  these  it 
is  wlieeled  to  ihe  kilns.  The  Company  liad  several  scove  kilns 
ni  oj)erati(m  and  also  several  circular  down-draught  kilns.  All 
the  l)urning  is  done  with  natural  gas  obtained  from  wells  near 
the  factory.     A  view  of  the  latter  is  shewn  in  Plate  X. 

Coleridge,  Altu.—Thi'  clay  deposit  of  the  Alberta  Clay 
Products  Company  is  in  the  ridge  overlooking  Bull's  Head  creek 
and  was  described  in  our  report  of  last  year.  There  it  was 
pointed   out  that   the  deposit   consisted   of  a   number  of  lens- 
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shaped  masses  i)f  clay  shales,  and  some  sandstones,  the  whole 
forming  a  series  of  considerable  thickness. 

In  the  12  months  interval  between  our  first  and  second 
visits,  considerable  work  has  been  done  at  the  first  opening 
(Fiate  XI),  and  a  new  opening  has  been  made  to  tlie  scuthwest- 
ward  along  the  ridge. 

The  greater  extent  of  section  shown  by  these  openings, 
confirms  what  we  said  in  last  year's  report  regarding  the  lenticu- 
lar character  of  the  deposits. 

Thus  for  example,  the  black  clay  (^1692)  noteil  in  last 
year's  report,  has]  thinned  out  to  a  few  inches.  The  lens 
of  so-called  sewer-pipe  clay  referred  to  in  the  same  report  has 
also  thinned  out,  but  in  1911  tlie  Company  was  working  a  bed  of 
brownish  clay  (1754).  which  occurs  at  about  tlie  same  level  as 
the  sewer-pipe  clay  referred  to  above,  but  is  fartlier  in  the 
bank,  and  is  used  for  making  fireproofinij.  This  is  cap])ed 
by  a  sandsttme  layi  r. 

Somewhat  higher  in  the  hill  than  the  fireclay  referred  to 
last  year,  and  lying  also  farther  to  the  northea>t  is  a  lens  of 
black  clay,  which  is  claimed  to  stand  a  temperature  of  2.800"  F. 

It  is  a  smooth  plastic  clay  (1753)  ami  contains  small 
scattered  gypsum  crystals,  but  cracks  in  air  drying.  No  test 
was  made  of  it. 

The  dry-press  cl.iy  in  1911  was  being  taken  chieHy  irom  the 
new  opening,  but  not  enough  excavating  had  been  done  to  give 
us  a  correct  impression  of  its  size. 

The  following  latjoratory  tests  were  maile  on  sainplt>s 
collected  in  the  summer  of  1911. 

Finpr  >oting  Clay,  Coleridge,  .Mbcrta.—This  material 
(1754)  is  a  soft-yellowish  sandy  shale,  with  linionite  nodules 
and  nuich  grit.  It  worked  up  with  20  per  cent  of  water  to  a 
ma.ss  of  fair  plasticity,  and  sufficient  smoothness  to  How  through 
a  die.  The  grittine.ss  is  brought  out  by  tlie  fact  that  it  c(jntains 
27  per  cent  of  sand,  which  is  retained  in  a  200  mesh  sieve.  The 
average  air  shrinkage,  viz.,  5  per  cent,  is  not  high,  but  the  clay 
will  not  stand  rapid  drying. 

The  average  t»'nsile  strength  when  air  drie.l  is  294  pounds 
per  square  inch. 
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Thcs."  tests  indicntf  tliut  the  clay  burns  to  !i  good  lianl 
bo.ly  at  con.'  010,  ..v.-ii  tlioiigh  it  is  not  st.'.-l  har.l.  Tlic  colour 
IS  not  hriRht,  l)ut  for  fircproofinj;;  this  makes  little  (iiffen^nee. 
The  ahsori.;ion  is  not  higli,  an.l  at  eone  1  is  even  rather  low  for 
this  elass  of  elay  produet. 

It  is  probal.le  that  the  clay  could  be  mixed  with  sawdust 
to  make  terra-cotta  lumber,  but  this  is  impracticable  at  Medicine 
Hat  because  of  the  difficulty  of  (jetting  sawdust. 

Dry-pr.'.ss  Brick  Clay.  Coleridg.',  .\lta.  ilTo.i).  The 
material  use.l  for  dry-press  brick  is  a  .'isht  vellowish-grey, 
mas-^ne  clay,  which  worked  up  with  22  per  cent  of  water  to"a 
ver>  iilastic.  sticky  mass,  that  was  difficult  to  work.  'Small 
bricklets  di.l  not  crack  in  slow  drying,  but  full  sized  on.'s  di.l. 
TliLs  then  rather  precluiles  tlie  forming  of  bricks  from  tliis  clay 
by  a  plastic  proci>s.s,  unless  it  is  preheated.'  The  average  air 
shrinkage  of  wet-moulded  bricklets  was  7  per  cut,  and  the 
tensile  strength  when  air-dried  is  high,  but  coui.l  not  be  accu- 
rately measured  as  it  was  difficult  t(j  g.  t  briquettes  free  from  Haws. 
Wet-moulded  bricklets  behaved  as  follows  in  burning:— 
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'  See  Chapter  on  prH-hratinK  experitnenti. 
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It  is  unfortunate  that  this  clay  will  not  work  l.y  a  plastic 
inctliod  without  prclipating,  since  it  has  a  low  fire  slirinkage 
and  hums  to  a  Rood  dense  body  at  a  low  cone.  It  i.s  not  refrac- 
tory, as  it  fuses  at  cone  4. 

The  wet-moulded  hricklets  were  steel  liard  at  cone  0"),  and 
also  sliowed  scununiiig. 

.\  dry-press  hricklet  tiurn'd  at  cone  03,  had  a  fire  shrinkage 
of  (.nly  2  per  cent,  and  an  al>sori)tion  of  7  l*.  It  also  burned  to  a 
good  red  colour. 

Iliill's  llfihl  Cmk  Valhi/.  .W(.'i.--The  valley  of  Bull's  Hea.I 
creek  (Plates  XII  and  XIIli  extends  southwestward  from 
Coleridge  for  some  miles,  its  broad  tlat  bottom  being  bonh-red 
on  either  side  by  .somewhat  steep  slopes,  which  as  a  rule  show- 
few  outcrops,  for  the  reason  that  the  shaly  beds  usually  mellow 
down  and  become  covered  by  a  mat  of  grass.  The  sandstone 
beds  wliich  are  more  resistant  usiially  stand  out  as  narrow  ledges 
on  the  valley  sides. 

For  about  3  or  4  miles  (estimated)  up  the  valley  frc  ! 

clay  pits  near  Coleridge  th»'  valley  is  very  broad  and  there  are 
no  outcrops,  but  at  this  jntint  it  contracts  son)"what,  and  some 
clay  exposures  appear. 

Here  on  the  nerthwest  side  of  the  valley  there  are  exposures 
of  clay  lenses,  some  of  them  very  sandy,  and  interrupted  by  beds 
of  sandstcme.  There  is  also  a  black  clay  closely  resembling  the 
one  (101)1)  fotmd  in  the  bank  at  Coleridge. 

About  one-four»i-.  mile  north  of  here,  we  took  a  sample  of 
a  7  foot  bed  of  clay  (1750)  which  outcrop.^  near  the  base  of 
the  slope  on  the  northwest  side  of  the  valley. 

Another  sample  (1757)  is  a  dark  brownish-grey  shale 
■which  outcrops  on  the  northwest  side  of  the  valley,  at  a  point 
lying  S.  30°  W.  from  the  Coleridge  clay  pit.  The  lens  is  not 
less  than  12  feet  thick,  and  outcrops  at  two  places  about  300 
feet  apart. 

About  1  mile  fartliir  (Plate  XV),  there  is  a  small  butte 
rising  up  f.      i  the  lower  slope  on  the  southwest  side  of  the  valley. 


I'mt    Ml 


<;.  n.  r-.il  xi,  H   .,(  \.,\\.  y    ,,i    Hull'-   II    ;,,(  ,-,,.,  k,    \lr M 


•k,„i;  „..,ll,. 


I'l-i'     Mil 


Vi,«  lookiiiK  up  v;il|.  y  ,)f  Itiiir-  II,-m\  .iv.  k  from  : ini  mIk.ui 

4  Mill.-  -.,wiln>.-i  of  C.lrr.ili;,'. 
35.W1     p.  :i2 


I'l  'It  \l\ 


V i  f  f  -'    f      ^, -_ # 


li.  .N  .,1  -h.il.    rji  \;ill..>   .,1  liu!     -  II,.,,  i  rir,  k.    \| 


•■i55.)l      p.  :iJ 
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The  section  of  this  is  as  follows:— 

Sandstiinc  . 
Slmlc  iir.TSf 
Sniidstonc 
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These  shales  apjjear  to  eontinue  as  far  as  a  horse  ranch, 
wii.Te  the  waKon  roa.l  l.^ads  out  of  t)ie  valley  to  the  north. 

Beyond  this,  that  is  fartlnT  u))  the  valley,  the  shales  seem  to 
be  replace.l   hy  l,e,l.s  of  ,.„ar>e,  greyisli   and  vellow  sand,   witli 
occasional  sandstone  heds.     These  hard  beds  are  due  no  doubt 
in  many  cases,  to  the  induration  of  the  sands. 

.\t  oiUy  one  i)oiiit  was  any  k'""!  clay  foun<l,  and  this 
resembled  that  outcropi.ing  in  the  butte  farther  down  th." 
valley  and  referred  to  above. 

It  is  possible  that  further  prospecting  minht  develop  good 
beds  of  day  in  this  valley,  altlmugh  it  is  d.  ubtful  if  it  would  pay 
to  develoj)  anv  be.ls  farther  u))  the  valley  than  we  w.-nt.  as  the 
stream  turns  t  )  the  .southward  and  the  di.stanee  from  the  railway 
i>  too  gn>at. 

rp  to  the  point  reached  by  us,  the  valh'V  is  not  far  from  the 
Imeof  the  Canadian  Pacific  railway  running  from  Medicine  Hat 
to  Lethbridge.  and  Bull's  Head  station  <m  this  line  is  at  no  great 
distance. 

The  following  laboratory  tests  were  m.ide  on  sami)l.'s  col-  . 
lected  from  the  valley  of  Bull's  Head  creek. 

Light-grey  Shale,  Bull's  HeadCr.'ek,  .Vita.  ( IToG.)— This 
is  a  somewhat  har.l  and  very  gritty  clay  shale,  which  shows  a 
teiich'ncy  to  crack  in  air  drying,  even  when  mouhh'd  in  small 
test  bricklets.     Its  pla-ticity  is  higli. 

Tlie  average  air  shrinkage  was  tiS  per  cent,  and  wi  t- 
uiould.d  bricklets  behaved  as  follows  in  burning:— 


dm,'. 


r'lf  .sliiir.kaKc 


.Vli-iirpiion. 


Ci.tlour. 


OKI 
0.) 

m 

0 

0  :i 

Vitnti. 


Ill 


I.i«lii 
l(.'.l. 


;.").".;u— ;< 


34 


GEOLOGICAL  SURVEY,  CANADA. 


The  clay  bums  to  a  brick  with  good  ring,  low  fire  shrinkage, 
and  moderate  absorption  even  at  cone  010,  but  it  could  not  be 
used  without  preheating.  Otherwise  it  is  to  be  classed  as  a 
brick  or  fireproofing  clay. 

Dark  Yellow  to  Grey  Shale,  Valley  of  Bull's  Head  Creek, 
Alberta  (1757).— This  is  a  highly  plastic  clay,  which  works  up 
with  21  per  cent  of  water.  It  has  to  be  dried  slowly  as  large 
bricks  show  a  tendency  to  crack  in  fast  drying.  It  is,  however, 
somewhat  safer  to  dry  than  No.  1756. 

The  average  air  shrinkage  is  somewhat  high,  being  8  per  cent 
in  the  hand-moulded  bricklets. 

The  burning  tests  of  the  wet-moulded  bricklets  were  as 
follows: — 


Cone. 


Fire  shrinkage. 


Absorption. 


Colour. 
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0  7 

20 
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Vitrified. 

Fused. 


10-8 
4-8 
2-4 


Salmon. 
Light  red. 
Red. 


This  clay  burns  to  good  hard  body  and  would  make  a  good 
brick  and  fireproofing  clay,  but  an  objection  to  its  use  is  the 
tendency  to  crack.  When  moulded  dry-press,  however,  it  gave 
excellent  results,  and  a  good  hard  red  body.  .\t  cone  Go  the 
dry-pressed  bricklet  was  steel  hard,  fire  shrinkage,  1-5  per  cent, 
and  absorption  9-5  per  cent.  At  cone  03,  the  colour  was  deep 
red,  fire  shrinkage  4  per  cent,  and  absorption  5-2  per  cent. 

This  seems  to  give  a  better  dry-press  at  03  than  the  clay 
mined  for  that  purpose  at  Coleridge. 

Yellowish  Shale  from  Upper  Part  of  Butte  in  Valley  of 
Bull's  Head  Creek,  Alberta  (1758).— This  clay  is  somewhat  soft 
and  worked  up  with  20  per  cent  of  water  to  a  mass  of  good 
plasticity,    and    smooth    texture.      A    small    test-brick    dried 
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rapidly  without  cracking,  but  a  full  sized  one  would  not  stand 
fast  drying,  m  fact  it  had  to  be  dried  very  slowly. 

The  avera""  air  shrinkage  was  7  per  cent,  and  the  average 
tensile  strer        v    en  air  dried  was  234  pounds  per  .--    -«  inch. 

The  wet-i. 
burning. 


d  bricklets  gave  the  following  results  in 


Tone. 


Kire  shrinkage. 


Absorption. 


Colour. 
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Light  red. 


This  clay  is  similar  to  the  preceding,  but  does  not  darken 
quite  as  much  m  the  burning.     It  is  nearly  steel  hard  at  cone  010. 

At  cone  05  it  made  a  fine-grained  dry-press  brick  of  good 
red  colour,  with  1  per  cent  of  fire  shrinkage,  and  13  per  cent 
ab.sorption. 

This  clay  is  worth  looking  into  for  dry-press  brick  manu- 
facture. It  is  also  sufficiently  smooth  and  plastic  to  flow 
through  an  annular  die.  E.xperiments  made  in  this  way  gave  a 
good  drain  tile,  with  9-6  per  cent  air  shrinkage.  At  cone  010 
the  tile  burned  to  a  good  red  colour,  1  per  cent  fire  shrinkage. 
At  cone  08  the  tile  was  slightly  deeper  in  colour  and  gave  2  per 
cent  fire  shrinkage. 

This  locality  is  about  3  miles  from  Bull's  Head  station. 

Inspection  of  the  map  of  southern  Alberta  also  indicates  the 
possibility  of  finding  the  shales  along  the  valley  of  Seven  Persona 
creek,  but  an  e.xamination  of  this  ^.(•tion  as  far  as  Seven  Persons 
station  on  the  Canadian  Pacific  railway  showed  that  the  river 
valleys  seem  to  be  cut  entirely  in  glacial  drift. 

This  emphasizes  the  point  tluit  we  made  in  our  report  of. 
last  year,  viz.,  that  the  surface  of  the  Belly  River  shale  forma- 
35531— 3J 
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tions  is  exceedingly  irregular,  anil  at  places  buried  under  a  iieavy 
overburden  of  glacial  urift. 

Taber,  Alberta.  There  are  several  coal  mines  in  the  immedi- 
ate viciiiitv  of  Taber,  but  as  the  shale  measures  lie  practically 
Hat,  and  the  coal  is  some  distance  below  the  surface,  most  of 
these  mines  are  ()perate<l  by  means  of  vertical  shafts. 

Along  the  Belly  river,  however,  2  miles  north  of  Taber, 
there  are  a  number  of  small  mines,  all  of  which  appear  to  be 
working  the  same  coal  seam. 

On  the  south  side  of  the  river  the  Canadian  Pacific  railway 
has  a  small  mine  in  operation  about  30  feet  above  the  river 
level.  The  seam  here  is  a  lignite  4  feet  tliiek,  and  is  overlaid 
by  sandy  clay.  The  section  below  the  coal  shows  in  the  face 
of  the  b'ank  above  the  river,  and  consists  mostly  of  brownish 
sandy  clay  with  limonitic  sandstone  layers,  which  passes  ui)ward 
into  shale  about  G  feet  lielow  the  coal. 

This  point  is  perhaps  1.000  feet  from  the  bridge  over  the 
river  .\s  tlu'  section  is  trac<'d  towards  the  bridg.",  this  clay 
shale  increases  in  thickness,  and  at  about  200  feet  east  of  the 
hridge  an  attempt  has  b.M-n  mad.'  to  utiliz.-  it  in  the  manufacture 
of  common  brick. 

This  (Xm)  is  a  soft  dark-grey  shale  which  worked  up 
with  26  per  cent  of  w'ter  to  a  very  plastic,  smooth,  but  rather 
sticky  bodv.  However,  in  spite  of  its  stickiness  it  worked  up 
fairly  well," ami  is  sufficiently  plastic  to  flow  through  an  annular 
die. "  The  average  air  shrinkage  is  8  per  cent  and  the  clay 
will  n(.t  stand  rapid  drying;  it  also  scums  badly. 

The  burning  tests  were  as  follows:—  
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This  day  c(ju1(1  Ijc  used  for  (■(unmon  brick,  if  properly 
Imrned.  It  is  also  rcfi-rrt-d  to  in  the  clmptcr  on  roofing-tiio 
tests. 

On  the  iiortli  side  of  the  river,  at  the  mine  of  tlie  Superior 
Coal  Co.  (Phite  XVI)  tlie  h^nite  seam  is  ahout  4  feet  thick. 
It  is  underlain  hy  ahout  3  feet  of  (hirk  and  somewhat  Kyi)siferou.-i 
>liale,  wliich  extends  to  tlie  Hoor  of  the  mine. 

Overlying  the  coal  there  is  a  G  to  8  inch  layer  of  rusty 
sandstone,  which  in  tiirn  is  overlain  Ky  yellowish-hrown  iron 
stained  shale. 

A  sample  of  the  un(h'r  clay  (17!t2)  was  tested  with  the 
following  results. 

This  is  a  very  i)lastic,  smooth,  l.lack  sliale,  which  worked 
uj)  with  27  per  cent  of  water  to  a  stiff  mass,  whose  average  air 
shrinkage  was  8  per  cent. 

It  Imrned  to  a  red  colour,  and  its  fire  shrinkage  at  cones 
(tlO  and  0.5  was  1-7  and  .h4  per  cent  resi)ectively.  The 
ahsorpti(m  at  these  cones  was  1()!»  and  .")(l  j)er  cent. 

Tlie  clay  burns  to  a  good  brick  but  has  to  be  tired  very 
slowly  in  order  to  burn  off  the  carbon.  If  this  is  not  done, 
black  coring  and  swelling  results. 

It  could  be  worked  in  coiuie.xion  with  the  lignite  bed. 

Rock-  Sprini/s.  AWcrtii.  -The  Hock  .Springs  mine  of  the 
Superior  Coal  Co.  is  located  about  2  miles  we>t  of  Taber. 
The  coal  seam,  wliich  is  reached  by  means  of  a  shaft,  has  clay 
both  above  and  bei  ath  it.  The  following  two  analyses  made 
by  Herl>ert  Carmicha.  1,  show  tlii'  comixisition  of  No.  l.the  top 
clay,  and  No.  2,  the  bottom  dav. 
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Samples  for  laboratory  tests  were  taken  of  b.th  the  top 
and  bottom  clay,  and  the  results  of  these  are  niven  below. 

Bottom  Clay,  Hock  Springs  .Mine.  Sup,  rior  Coal  Co.-  This 
(1793)  is  a  dark-grey  soft  shale,  which  worked  ii])  to  a  very 
smooth  plastic  mas<  ttiat  cracks  in  drying. 
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When  1  per  cent  of  salt  was  added  to  it,  it  worked  up 
•with  22  per  cent  of  water  to  a  rather  sticlty,  tough  mass,  that 
was  hard  to  work  wet-moulded. 

The  salted  clay  has  8  per  cent  air  shrinkage,  and  an  average 
tensile  strength  of  154  pounds  per  square  inch. 

The  wet-moulded  bricklets  of  the  salted  clay  burned  to  a 
red  colour.  These  at  cone  010  had  a  fire  shrinkage  of  1  per  cent, 
and  an  absorption  of  6  •  7  per  cent.  At  cone  05  the  fire  shrinkage 
was  3  3  per  cent  and  absorption  6  •  3  per  cent.  The  clay  fused 
at  cone  3,  and  had  to  be  burned  very  slowly  to  prevent  black 
coring  and  consequent  swelling. 

Top  Clay,  Rock  Springs  M'"e,  Superior  Coal  Co. — This 
(1794)  was  a  soft  brownish  shale,  containing  much  gypsum. 
It  worked  up  with  22  per  cent  of  water  to  a  mass  of  good 
plasticity,  but  which  was  rather  stiff  and  sticky.  The  average 
.lur  shrinkage  was  8  per  cent,  and  the  average  tensile  strength 
324  pounds  per  square  inch. 

Wet-moulded  bricklets  behaved  as  follows: — 


Cone. 


Fire  shrinkage. 


Absorption. 
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The  clay  burns  to  a  good  red  body,  and  could  be  used  for 
brick. 

Since  it  will  also  flow  through  an  annular  die  it  might  be 
used  for  fireproofing,  but  there  i.s  a  question  as  to  whether  it 
might  not  have  to  he  dried  on  floors  instead  of  in  tunnel? 

A  dry-press  mixture  of  1793  and  1794  was  tried,  and  this 
gave  a  good  hard  dry-press  brick,  of  red  colour,  but  which  was 
speckled  with  small  white  grains  of  the  calcined  gypsum.  At 
cone  05  the  fire  shrinkage  was  5  per  cent  and  the  absorption  9 
per  cent,  while  at  cone  03  the  fire  shrinkage  and  absorption 
were  both  7  per  cent. 


CHAPTER   III. 


Laramie  Formation. 

In  roferring  to  tht>  distribution  of  the  Lsiramie  formation 
in  last  year's  rtport  attention  was  railed  to  a  large  triangular 
area  in  Mouthern  Saskatchewan,  which  includes  the  Souris  coal 
field  and  the  Dirt  hills.  Special  attention  was  given  to  the 
latter  because  they  contain  large  quantities  of  refractory  clay, 
which  are  to  be  regarded  as  an  important  mineral  asset  of  the 
Province. 

Dirt  Hilk,  .SasA:.— The  clays  specially  described  occur  in 
section  28,  township  12,  range  24,  west  of  the  2nd  Meridian. 
Preparations  are  now  being  made  to  utilize  these  for  the  manufac- 
ture of  pressed  and  firebrick. 

The  -southern  extension  of  these  beds  was  examined  during 
the  field  season  of  1911,  particularly  on  section  24.  township 
12,  range  24,  we^^t  of  the  2nd  Mer.  where  operations  have  begun 
for  mining  lignite,  and  for  the  development  of  the  clavs  associat- 
ed  with   it    (Plate    XVII). 

The  lignite  .seam  outcrops  in  a  coulee,  running  in  an  east-west 
direction,  at  the  base  of  the  hills,  on  the  northwest  of 
section  24.  It  is  overlain  by  impure  grey  shales,  and  under- 
lain by  white  or  light  grey  fireclays,  the  latter  being  exposed  on 
both  sides  of  the  coulee  for  several  hundred  feet. 

The  lignite  appears  to  occur  in  a  small  basin  of  limited 
extent  and  no  great  thickness.  It  is  replaced  by  white  clay 
towards  the  east,  and  a  shaft  sunk  to  a  depth  of  105  feet  on  the 
ridge  to  the  south  failed  to  find  it  at  the  expected  level. 

The  arrangement  of  the  deposits  as  seen  on  the  south  side  of 
the  coulee  appears  as  in  Plate  XVIII. 

The  grey  shale  above  the  lignite  has  an  exposed  face  of 
about  7  feet  in  height.  It  contains  some  layers  rf  small  iron- 
stone concretions,  and  vertical  rusty  streaks.  The  overburden 
of  drift  is  light,  but  this  may  become  heavier  as  the  shale  is 
worked  backward  into  the  ridge. 
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A  samplf  of  tills  clay  ilKO.-)!  was  taken  for  ••xan.ii.- 
iition.  When  Kround  and  mix.d  with  32  per  cent  of  water,  it 
formed  a  .-ery  smooth  plustir  mass,  hut  one  which  was  rat!  (  r 
stiff  and  hard"  to  work.  Th.  air  shrinkage  was  II  per  cent,  an.l 
the  average  tensile  strennth  ,vhen  air  dried  38:i  pounds  per 
square  inch. 

Wet  mould'  d  l.ricklets  jjave  tin'  following  result  (m  hurninp. 
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'Die  air  shri,.,s:ine  of  this  cl;;y  is  too  high,  the  workinc 
qualities  are  had,  and  the  fu-inji  point  low.  It  makes  a  stee! 
hard  hrick  at  cone  (».').  hut  at  this  temptrature  the  tire  shrinkage 
is  ixctssive,  and  accom])anied  by  warping. 

If  dry-pressed,  and  hunied  cone  (».t,  this  clay  makes  a 
steel-hard  hrick,  with  al.sorptio-  7  •:*  Jier  cent,  hut  the  shrink- 
age is  high  ai'd  the  cohjur  poo' 

With  the  addition  of  J.')  i)er  cent  of  sand,  the  working  and 
drying  (lualities  of  the  material  are  much  unproved,  the  air 
shrinkage  is  reduced  to  7  :<<  r  cent,  while  the  fire  shrinkage  at  cone 
(tlO  is  zero,  and  the  ahsorption  Iti  per  cent. 

With  the  addition  of  sufficient  sau<i  this  shale  will  make 
common  red  hrick  of  f.iirly  good  (piality  hy  the  soft-mud  process. 
It  might  al.so  he  used  in  a  stit'f-nmd  machine  for  wire-cut  hrick 
or  drain  tile,  hut  the  wares  thus  made  will  not  stand  fast  drying. 
A  ;i  inch  tile  of  the  clay  was  run  through  an  annular  die,  and 
gave  a  good  pipe  at  cone  OS. 

The  white  clay  which  forms  the  hasin  for  the  lignite  was 
found  to  he  s.andy  in  character,  hut  the  <h'posit  varies  in  this 
respect.      .\  horing  made  helow  the  lignite  seam  for  a  dei)th  of 
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^<,r  purp..-..  of  ,-,.;nparison  th.Tc  arc  also  jii'. .  n  h.T.'with  th- 
analvM.^  of  S..V.  ral   ,,i!i.r  .'lays  as  foUo's,;    n    ,,■.,,„  Salina     I'a 
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Silira    . 
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The  air  shrinkiigo  of  wet-moul<ic<l  brickluts  made  from  the 
washed  clay  was  7  per  cent. 

The  clay  exposed  on  the  north  side  of  the  coulee  (Pl:it<'  XVII) 
Is  of  hluish-Rrey  colour,  and  very  plastic  in  the  upjM-r  part  of  the 
bed,  hut  becomes  more  gritty  and  is  yellow,  probacy  from  iron 
staining,  towards  the  lower  portion.  The  thickness  of  this  deposit 
is  unknown,  and  the  sample  which  was  taken  wus  the  average 
of  a  face  about  6  feet. 

This  clay  (1807)  wti.p  mixed  with  27  per  cent  of 
water  forms  a  highly  plastic,  and  rather  sticky  mass.  The  air 
.shrinkage  was  9  per  cent.  The  tensile  strength  is  very  high, 
being  455  pounds  per  stjuare  inch  for  the  air  -dried  clay. 

Burning  tests  of  wet  moulded  bricklets  are  as  follows:— 
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This  material  ma>  be  classed  as  a  stcmeware  clay,  and  in 
addition  to  making  common  stoneware  articles,  the  elay  could  tie 
use<l  for  ornamental  pottery  with  a  coloured  glaze.     It  burns  to 
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dense  light-buflf  body  at  cone  5,  while  at  cone  9  it  forms  an  impei- 
meable  body  of  light-grey  colour.  The  bricklets  were  steel  hard 
even  at  cone  010. 

This  clay  might  be  used  in  the  manufacture  of  glazed 
architectural  terra-cotta,  if  sufficient  grog  was  added  in  order  to 
lessen  the  shrinkage,  which  is  rather  high. 

Drj-pressed  and  burned  to  cone  03  the  clay  makes  a  fine  buf! 
facmg  brick  of  pleasing  colour,  and  steel-hard  body,  with  a  fire 
shrinkage  of  4  per  cent  and  10  per  cent  absorption 

Clays  number  1805,  1807,  and  1808  were  mixed  in  equal 


Heat  treatment  e.Mpressed  in  zones 
Kio.  3 —Absorption  and  fire  shrinkap-  curves  of  .'lav 
1807  from  Dirt  hills.  Saslc. 

proportions,  and  short  lengths  of  3  inch  pipe  made  from  this 
mixture  in  a  hand  press. 

These   were  burned   in   a  commercial   sewer-pij).'    kiln   at 
2200^.  and  resulted  in  a  smooth  .=alt-g!a2ni  pipe. 
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Bricklets  mado  froHi  this  mixture  showed  a  total  shrinkage 

of  14  per  cent,  and  an  impermeable  body  when  burned  to  cone  3. 

This  mixture  is  well  worth  tr>ing  for  the  manufacture  of 

sewer-pipe.     The  ware  might  be  improved  by  using  a  mixture 

containing  a  larger  proportion  of  the  sandy  fireclay. 

Drv-i)resse.l  bricks  made  from  the  above  mixture  have  a 
pink  tone,  steel-hard  surface,  and  about  8  per  cent  absorption 
at  cone  (tt .  These  bricks  should  prove  ft  desirable  material  for 
facing  city  buildings. 

This  clav  becomes  whiter  and  more  sandy,  like  ^o.  1SU8. 
as  th<-  ..utcrops  are  followed  eastward  along  the  ridge  on  the 
north  si.le  of  the  coulee  towar<ls  the  Plains.  Where  the  ridges 
„„.rge  into  th..  plain  the  white  clays  disappear,  and  are  foHowed 
by  soft  brown  sandstones,  which  appear  to  underlie  them. 

doing  towards  the  hills  from  the  white-clay  beds  only  an 
occasional  har.l  band  of  sandstone  is  seen  outcropping  on  the 
open  gra.ssv  slopes,  until  about  half  a  mile  .listant,  where  .he 
ridges  become  more  broken,  some  kn..lls  denuded  of  coverr 
show  the  bedded  deposits  again.  These  knolls  are  composed  o 
,lark  coloure.1  clays,  brown  san<ly  shales  and  sands,  and  capj.ed 
hv  a  thick  an<l  partly  indurated  sand  bed,  which  has  ev.dei.th 
prot.-cted  them  temporarily  from  erosion  (Plate  XX). 

An  average  sample  for  testing  purposes  was  taken  from  the 
face  of  one  of  these  knolls,  and  when  tenipered  with  water 
worke.l  up  to  a  sticky  mass,  which  when  -noulded  an.i  se  t.Mlry 
,lK,wc.<l  abnormal  cracking.  Dry-pressed  bncklets  mad.,  from 
it  cracked  badly  in  the  firing. 
The  clay  fu.*es  at   cone   1. 

It  is  us.'less  for  the  manufacture  of  clay  j.roducts. 
Son,.,  small  samples  of  li^ht-gn.y  clay  fn.m  s.-ction  11.  m 
th..  sam..  t.,wnship  an.l  rang.-  as  th.-  above,  vvvr..  submitte.l  f.,r 
..xaminati.m  by  E.  .1.  W..ng..r  of  Rogin:..  These  clays  ..ecu 
higher  up  in  eh.vation  than  the  beds  from  which  -""Pl-l^" ' 
un.l  1?0S  w..r..  taken,  but  th..y  are  of  similar  qualitj  Th.  > 
•vr..  als..  sai.i  t..  b..  ..f  suflfici..nt  thickness  for  working  but  ,  is 
not  known  wh..th..r  thev  would  hav.-  to  be  worked  by  und.r- 
groun.l  m..tho,ls.  or  if  th.y  w..r..  situated  in  such  a  manner  th.a 
the  op.-n-cut  method  of  mining  could  be  used. 
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A  liirnf  portion  of  th.-  l.o.h  of  whit.--.;,;i.lv  lir.rlav  011  l.ofh 
snl.'s  of  thi-  couhM.  ill  s..ctioi,  12  roiiM  i.rol,:,i.lv  Uv  workr.l  t.v 
tli-  op-'ii-cut  ni.th.Ml.  wh,:,  t!,..  liuht  ov.rl.unl.n  of  ,:,„,1  anil 
grav.l  w:is  rnnnvrd  witti  xTapcrv  A  ~u|.plv  of  rh  .  ,.,,,,1,1  th-i. 
he  rasily  ol,taii„.,l  t,.  k.M.p  h  p|:,.,t  ^r„ina  for  ,„„i,.  tuw:  |„.f„r.. 
having  to  resort  to  iin(lcr«roim,i  iiiiniiiL;. 

Owii.K   to  the   iriVKuhir  arraun.iM.iit    ,,f   th,.   |„.,l,   j,,    ,1,;^ 
forinatioii,    no   .h'tinii,.   statem..nt    ,,f    their    ,\t,.nt    0„   ,l,|    |„. 
aee,.pte,l    in    a.lva'.e,.    of    >y.t,.|„ati,.    pn^p,.,.,,,,;;    I,v    l„',nni;s 
e<p,.eially  when  the  outcrops  ar..  f,  w  i:i  iminli.r. 

A  small  san.i)h.  of  whit..  >a.>,ly  ,.lay,  ,ai,l  t,,  haw  hren 
"l'!:iiiie,l  on  towiisliip  7,  rans;,.  27.  yu-.t  ,,f  th,.  2n,|  \I,.ri,lian 
was  suhinitt..,!  to  the  writ,r>  1,>  Mr.  .M,.\air  of  M,,,,M.i'w" 
Ti.is  niat.rial  was  a  (in.eh.y.  an,l  i,h.ati,.al  in  ,hara,..,.r  uith 
satnpU.  18(W,  alth.mnh  situate.l  in  a  l,„.aiitv  ah,,nt  :{.-,  n,ii,.^ 
<hstant  in  a  southwesterly  .|ir,.eti,,n  fr,,ni  th,'  ,l,.p.,Mt  in  which 
the  latter  was  ohtaine,!. 

H-,»»/   .\lou„tm>,.   SasI:.      Whit,.   ..[avs   of  similar   ,.har„.|..r 

are   r..i>ort...l   l,y    1).    B.    I)„wli,m   of   th..  (; n^u-A   Surv,.y     to 

.■xist  in  Wood   mountain,  an.l  whit..  ,.|,.,y,  .{..serih,.,!  I,y  H    C 
M.'ronnell,   oe,.urrinK  in   .piantity   on    th.-    Fnnchma'i  "riv.r   \u 
southwest,.rn  Saskat..l...wan.  an-  im.l.al.ly  ,,f  th..  sam..  natur... 

(■ill,ress    n,ll..,    Sask.     Som.-    v.tv    white    saii.lv    .-lav    ww 
"l"ain,.,l  .lurinj:  th,.  eoi.rs,.  of  th..  pr,.s,.nt  inv.stiKaiion    ,'„,  th.' 

Mimmit    of   th,.   Cypn.ss    hills,   a    f..w   mil...   s.Miti,   „f    M,.|a, r 

A  s.,aft  sunk  at  f.is  ,K.int  pass..,l  thr,,u«li  a  thin  sh....t  ,,f  ,rrift 
int..  th..  whit(.  .'lay  f,,r  a  (listaiu."  of  (i  ,,r  7  t'<.,t. 

A  small  sami.h.  of  this  .'lay  1  177:5,  tak..n  from  th,.  ,lump  at 
ti...  shaft  gave  the  follow  inj;  r.^siilts: 

It   is  an  exc'clmgly  samiy  ..|ay  whi..h  with  2(1  p.r  ...nt  ,,f 
wat.r   worke<l   ui.   t..  a   mas,   sum..i,.atly   i.lasti,.  for  mouMing 
at., I  wh,.s,.  av.rap.  air  shrinkaK-.  was  4  p.-r  ....nt. 

<»nly  a_  f,.w  l,Mruin-  t..sts  w.t..  ma,l,.  ,.f  th,.  w,.t-m,,iil,h..! 
liri.'kh.ts.  Th..s,.  burn...!  t,.  a  m,>,h.rat..ly  har,l  liKht-hutf  lH„|y 
w  th  1  1  p(.r  ...'lit  absorption  at  ..on,.  1, 

At  eon..  <t  the  eohmr  was  Kr..y.  fir.,  shrinkag..  J  p.-r  ,.ent,an,l 
abs.irption  4  por  (.,.nt. 
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It  is  unaffected  at  cone  20,  but  fused  at  cone  27,  and  might, 
therefore,  be  regarded  as  a  low-gradt  fireclay,  suitable  probably 
for  boiler  brick  or  pressed  brick. 

Forward,  Sask.-The  Canadian  Pacific  railway  has  recently 
constructed  a  new  branch  from  Weyburn  on  the  Moosejaw  Portal 
branch,  westward  to  Forward  and  Ogema,  the  latter  bemg  the 
last  town  on  the  line  in  the  summer  of  1911.  Although  this  line 
does  not  strike  the  Dirt  hills,  still  it  passes  a  short  distance  to 
the  south  of  them,  and  it  was  thought  that  possibly  the  cuts 
along  it  might  have  exposed  some  of  the  Laramie  clays. 
With  this  idea  in  view  an  examination  of  all  cuttings  was  made 
along  the  track  between  the  two  villages  mentioned,  but  nothing 
was  found  except  drift  material. 

Stowe,  Sask.—\s  no  Laramie  clays  were  found  around 
Forward  or  Ogema,  an  examination  was  ma.le  to  the  south- 
ward, towards  Stowe  (Plate  XXI). 

This  town  is  located  on  a  new  branch  of  the  Canadian 
Northern  railway,  about  11  miles  south  of  Forward.  The 
Souris  river  flows  past  the  town,  and  on  the  south  side  ot  the 
river  at  the  base  of  the  slope,  and  near  the  wagon  bridge,  there 
is  an  outcropping  of  greyish-white  plastic  clay,  whose  occurrence 
is  interesting,  because  of  its  similarity  to  the  white  clays  found 
in  the  Dirt  hills  farther  to  the  north.  Not  more  than  2  feet  are 
exposed,  and  it  was  diflScult  to  determine  whether  this  repre- 
sented material  in  place,  or  s  mply  an  inclusion  in  the  glacial 
drift.  If  the  clay  is  in  place,  it  underlies  a  considerubl"  thick- 
ness of  overburden. 

As  beari.ifi  on  the  possibility  of  its  being  in  place,  it  may 
be  mentionea  that  lignite  is  found  in  the  gully  below  the  road 
level,  and  consequently  underlying  the  white  clay. 

We  were  also  informed  that  whi*  ay  had  been  struck  in 
boring  higher  up  on  the  slope,  and  at  >int  about  half  a  mile 
southwest  of  the  wagon  bridge. 

The  exact  location  of  the  first  white  clay  mentioned  seems 
to  be  in  the  northeast  quarter  section  30,  township  6,  range  18. 


CLAY    AND    SHALE    DEPO!*ITs. 


47 


In  tho  railway  cut  at  Stow.-  th.-re  is  a  l.mg  low  outcrop  of 
soft  yellowish  sandston*',  having  apparently  a  rather  ste.'p  .lip 
and  un.lerlyinK  brown  and  soft  hluish-grcy  smooth  shale,  the 
whole  series  dipping  .'astwar.l. 

The  soft  sandstone  als.j  outcrops  just  west  of  Stow.-  along 
the  road  near  thet-r.-ek. 

The  erttire  series  dips  .ast  about  20°,  an.l  if  th.-  strikes 
around  here  are  persist.-nt  and  anifomi,  thes.-  clays  an.l  shales 
must  overlie  the  greyish-white  clay  f.>und  acr.)ss  the  .-r.-.-k. 

Some  samples  were  taken  of  th.-  shal.-  in  the  railway  cut 
at  Stowe,  but  unfortunately  th.-y  n.-ver  reache.l  us. 

F.)llowing  up  th.-  Cana.lian  North.-rn  track  west  of  Stowe, 
th.-n-  are  several  .le.-p  cuts,  but  none  of  th.-s.-  show  anything 
but  drift  clay.  The  whole  contains  not  a  f.-w  fragm.-nts  of 
Cretaceous  shales. 


CHAPTER  IV. 


Edmonton  Formation. 

Th.  Kcn-ral  nr...  mul.Tl.mi  l.y  thi-;  formation  i^  shown  on 

,U,  g..olo,u.M  HUM..  HM.l  .n  ht.t  y..urs  r-port  w.  R.vr  tl...  fst. 

,f  s.v.-na  >:un,.l.s  of  K.lmonton  shul.-.   t.k.-n  fro.n  -oMu.>vl..t 

wul.lv  s..,,arut...l  lo.-uliti.-s,  such  as  Cowl.  y.  Lunai.n.,k,  K.huou- 

ton,  an.lKnIwistl.'.  allinAllHrtii. 

Son.r  of  tlH.s,.  w..n.  r.-visif.l  .u  I'.Ul  to  ascertain  what 
f„r,h.r  .l.v.  lol.ni.-uts  ha.l  takm  phuv.  and  in  a.Mit.on  a  nun.h.r 
of  nt'W  localiti.-  wen'  h)okfil  into. 

Tl„.  «..n.-ral  conchisions  to  1...  .Irawn  fro.n  this  sumnuT  s 
work  arv  that  in  soni.  parts  of  th.  Kdnionton  fornuit.on  th-r.- 
arc  some. xcclh'nt  shales. 

Edmnn,....  AU„.^Th.  -v.ral  hri.'k  yanU  around  pi.uon- 
,on  w.r..  nu.nt.on..l  in  hist  year's  r.'port.  and  .t  was  s  ate,!  a 
^  .t  tinu.  that  there  was  under  ..onsi.lerat.on  the  development 
:      lav^  on   the  Stratheona  side  of  the    river;     the    eomp.ny 
LniV.e.l  to  develop  these  hein«  known  as  the  NN  estem  (days, 
t         Sin.e    our    first    visit    there    the   ,hale   deposU    has     .eeu 
opened   up  nu.re  exposing   a  bluish   shale  with   sonje  seat  ere. 
;:,.,,..  in  the  upp..r  part  ..f  the  seetu.n.  au-l  th.s  n.at..  al 
wi  1-mK  nmzM  in  th,.  sunnner  of  1911  for  the  manufacture 
of  drv-press  brick. 

It  lies  d<..-per  than  any  of  the  beds  fr.,m  which  last  summer  s 

samples  were  taken. 

\  sample  of  this  was  tested,  and  Vw  r.'sults  an-  Kiven  b.low. 
It  i.  a  verv  plastic,  stiff,  an.l  sticky  clay  (1..2) 
which  worked  up  with  25  per  cnt  .,f  wat...  an.l  .U^^r^^^^ 
aee  was  10  per  e.-nt.  Th.-  averag.-  t.-nsil.-  strength  w.is  .Ut. 
ptund  p.  r  sU-e  mch.  Tlu-  clay  .lows  sn.oothly  through  an 
annular  die,  but  has  to  be  .Ined  slowly  to  prevent  cracking. 
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Tlif  sliiil.  show-  :  \n\\  tiic  -liriiik  •.'•■  i..:  lo..  hml,  ali-orp- 
tioii,  :iiii|  (tivi-s  :t  g..o,!  iu)'\\  <'>\t.  .r.  ii.jir  iil<-  w.  rt"  |>rei*M'd 
tlirouxd  a  ill.'.  'I'luir  .'lii  sir  iiikm  >  :i- IiikIi.  v  i/.  1 1  ti  per  n-iit. 
but  they  burni'it  to  ;t  u""il  in-U  \miIi  '  p' r  .•iMit  (iff  -iiniik.inc 
at    08.    and    the    hixly    m.irl;.     -M'!      .in; 

The  shale  ran  be  moul'lnl  liry  i-r.-.-.  ami  i)ii-  proci<-i  wa«i 
bting  u.sed  at  the  time  of  our  vUit. 

Entwiatle.  Alla.—Thi^  town  is  >.ituate<l  on  the  Clrand  Trunk 
Parifie  railway  about  60  mile-  west  of  Kdmontoii.  llie 
Pembina  river  i.s  crossed  by  the  railwa\  about  one  mile  west  ! 
Kntwistle,  and  the  Lohstick  river  flows  into  it  from  the  w.-n 
about  three-fourths  mile  north  of  the  railway. 

The  rcRion  is  underlain  by   Tertiary    shales  and  sandstone 
the  sandstones  Im-Iiik  above  the  shales  m  the  seetion  *'xposei{ 
Consequently  since  the  strata  are  practically  hori/ontal.   th.re 
will  be  on  the  lower  ground  less  thickness  of  sandstone  over- 
bunlen. 

The  jJHirRe  of  the  Pembina  river  where  the  railway  crosses 
it  I  Plate  XXII)  is  190  feet  deep,  and  on  the  cast  side,  a-  the  illus- 
tration shows,  the  sandstone  cajipinK  is  about  .">()  feet  thick,  but 
on  the  west  .side  it  is  small.  There  is  hardly  a  iiossibility  of 
working  the  shale  under  the  sandstone. 

.Xlong  the  Lobstick.  however,  there  i-  little  or  no  sandstune 
overburden  close  to  the  river. 

In  our  last  year's  report  we  gave  a  section  along  the  L  ib- 
stick   river,   which  had  been  supplied  ii-  bv  Mr.  C  C.  Richards. 

;j.>.^:^l-4 
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section  was  infiisured  is  shown  in 


and  the  bank  on  whicli  tlii 
Phite  XXIII. 

This  locality  was  visited  by  us  this  summer  and  an  addi- 
tional sami)l('  was  taken  from  a  it  foot  bed  beKinninn  2\  feet 
below  Mr.  Richard*'  section.  The  lower  18  inches  of  this  was 
sandy. 

Across  the  river  from  this  section,  ami  just  northeast  of 
the  office,  the  steep  bank  shows  another  section  of  shales  and 
sandstones,  not  less  than  3.")  feet  in  thickin  ss. 

The  ui)per  7  feet  (I7t)2)  consists  of  blue  shales,  includ- 
ing a  sandy  layer  at  the  bottom.  Helow  this  are  11  feet  of 
blue  shales  which  extend  down  to  tJie  sandstone  bed  which  is 
about  1.')  inches  thick.  The  bottom  of  this  ^andstone  layer  is 
about  20  feet  a))ove  the  river. 

All  of  these  shales  weather  down  to  a  very  jilastic  mass. 
The  shale  deposit  which  is  near  the  ofhi-e  is  r.ot  in  as  liijih 
a  bank  as  the  one  on  the  other  side  of  the   Lobstick    river,  ami 
forms  a  more  workable  mass. 

it  is  possibh  'h.it  this  shale  may  extend  back  from  the  river 
bank  to  the  sotithward  for  a  consider.ible  distance,  but  there  is 
no  knowing  wliether  the  surface  of  the  rock  is  level  or  not,  and 
how  nmch  ^'lacial  drift  overburden  there  is.  Ti.us  on  the  ojipo- 
site  or  north  side  of  the  river  from  the  office,  a  coal  shaft  which 
was  put  down  .struck  the  coal  at  about  140  feet,  init  overlying 
this  f<.\md  a  considerable  thickness  of  drift.  There  are  also  good 
c\it  banks  of  shale  at  the  jtmction  of  the  Lobstick  and  Pembina 
rivers,  as  well  as  aloi  g  tlu'  I'en.bina  lu'ar  this  i)oint .  Th.'  following 
tests  were  made  of  these  shales. 

Shale  From  ti  Foot  »ed,  .\long  l.nbstick  Hiver,  Ncur  Kiit- 
wistle(17()l).--This  is  about  2J  feet  b.lowthe  ba.se  of  Kicliard's 
section,  given  in  la.st  ye:ir's  reixirt.  The  material  is  a  calcareous 
Hrey  shale  co7itainiiig  much  tine  grit,  which  worki'd  u])  with  24 
per  cent  of  water  lo  a  mass  of  medium  plasticity,  whose  air 
shrinkage  was  .-)-4  per  cent.  It  stands  rapid  drying  without 
cracking. 
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VVft-inouUl<'<l  hricklcts  hchaved  u-  fullows  m  l.uriiiug;— 
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This  i^  ;i  p„„l  |,rjrk  -iialr,  an  ii'..li!il,  ll,M|(Hlht,  l.r  used  also 

for  (Iry-i)ri's.s  l)rick  :iii.i  tinpniotin^. 

I'ppcr  7  Fci  !  ,,t  Shal.-.  M.ink  .1"  I'.iiiliina  Coal  Coiiipiiny, 
Bcliiml  Offi,.,..  Kiitwistl,.  ,17r,2i.  A  soft  yellowish  sh:iio 
wliich   ciiiitaiii-    iiiiicli    fiiii'   (irit.    Imi    w.irkcil    up   with    2J    jmt 

'•'•lit  (if  water  ti.  a  mass  (if    jr 1  plasticity,  whdsc  avcruK''  air 

-lirinkaKc  was  I)  per  c  iit.    in. I  av  ratcc  tensile  -trenijih  when  air 
'Iried  2"2o  pnuii'l-  |)er  s. .11, ire  inch. 

The  material  is  MiPiiieiitly  plastic  t  .  tlnw  thr'Hij{li  a  ;{ 
in''li  annular 'lie,  and  sfiod  iii.iderately  last  dryinti. 

Wet-ilKiulded  liricklet-  yielded  the  f.illdwillJJ  re-ulls:  — 
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Ihe  tire  shrink:. He   i«   nut   exressivi,   and    the  ah-nrption   is 
lii't  lii^h.      The  eiildiir  i-e\eiHent,  and  the  liiiiiy   iia-  a  i^m-d  rmg 
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at  com-  010.     .\t  the  other  cones  the  colour  is  deeper,  but  not 
ver>'  dark  until  com-  1. 

n*t  Upper  Shalt  Entmistle.fllta 

ntzLoner  shale 


Heal  treatment  expressed  m  cones 

Ki..   4      Al.-.rrpiiiiii  and  (iro  <lirinkaKc  curv. •:•  •>(  shal.- 
tri>rn  K.nlvv.ttli-,  Altii, 

It  is  u  Koo<l  red-hrick  day  and  iMiiunienils  itself  ;il-'i  for  fire- 
proolinK.  There  is  also  a  stroiiu;  prol.ahility  that  the  clay 
could  h"    isf.l  for  sf\ver-pii)e. 

We  ua.l  HO  .litHculty  in  niakiu!;  ;{  inch  cylindrical  til.'  from 
the  clay.  Thes.'  hurned  to  a  Kood  red  body,  of  smooth  Mirface. 
at  cone  010. 

I.,ower  11  Feet  of  Shale.  I'.inhina  Coal  Company.  Knt- 
wistle,  Alta.  (ITtW.)  This  is  .■i  tr.'y  shah-  which  is  i)..rtly 
mellowed  by  w.-atherinn  It  work.'d  up  witli  '.'■_'  per  c.nt  of 
water  to  a  rather  smooth  mass  of  jjood  plasticity,  an<l  workctl 
somewliat  better  than  17>)2. 

The  averajje  air  sh/inkame  was  ^^■~  per  cent,  an.l  th.'  average 
t.-nsile  str.^ngth  when  air  dried  was  114  pounds  p.T  xpiar.'  inch. 
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The  \V(!-inoulilf,l  l.nckli-t-  li.|i,i\-,  ,|  .-i^  fullnw-  in   Inirning:— 
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V\:v  cliiy  will  not  staiul  raiiiil  drying,  Imi  it  Imriis  to  :i  (jodd 
nd  ImmIv.  Iiaviiin  a  (jihkI  riiic  at  coiif  (U(l.  and  a  low    alisorptioii 

i-vi-n  a 


l.ur  ^1 


t  I'onc  O.j.     It  is  not  ri't'raitoi>   ciioiijili    lor   scwcr-jjipc. 


i!, 


work  wi'll  for  tircproofint:  a;id  ilraiii  tili 


It  Would  j)rol>ahl\  work  alone  tor  dr\ -press,  and  a  tiiixtiiri- 
of  I  .pial  parts  of  17ti2  and  17(i:')  was  tried.  Tliis  gave  a  splendid 
dr.\-]ir(s>  hrick  at  cone  o;},  whose  tire  shrinkage  was  7  l)er  eent 
and  alisorjuion  !>-2  per  <'ent.  It  would  i)ri)l)ahly  yiehi  a  good 
dry-]ire~»  hrick  e\en  at  cone  (I,"), 

'  aiiiinsi.  Altn.  Tlicre  ari'  numerous  outcro))s  of  the  clays 
and  shales  of  the  Ildinonton  serii-s  along  the  valleys  of  the  Battle 
river,  ami  it-  -mail  tril)\itaries  in  the  vicinity  of  ("amrose.  .Vita.. 
hut  fill'  cuttings  on  the  branch  lines  of  tin'  three  priiicii)al  rail- 
wax-  whii'h  intersect  at  this  town,  atTord  the  hest  sections. 

II  lUisLiirni.  Allft.  .Vhout  .')  miles  east  of  Wetaskiwin,  flat 
i.\ing  saiiilstones,  interhedded  with  shales,  are  first  seen  on  thr- 
W  innijjeg  and  Kdmonton  hranch  of  the  < 'anadi;in  Pacific 
railw;iy.  From  this  jxiint  eastward,  these  rocks  recur  at  inter- 
\aU  in  the  cuttings  for  several  miles. 

Most  of  tlie  sections  exposed  here  -how  the  Usual  lack  of 
continuit>-  in  the  bedding  of  these  dei)osits.  The  shales  and 
-:indstotU's  replace  one  another  horizontally,  and  tongues  of 
-.tn<l  are  frecpiently  seen  in  thick  shale  beds    i  Plate  XXIVi. 

The  colour  of  the  sandstones  is  yellow  to  light  grey;  they 
ale  iiio-tlv  soft  and  friable,  some  of  the  beds  .are  merely  sands 
with  .1  -oft  cla>'  matrix.  No  sandstone  beds  hard  enough  to 
be  u-ei|  :t-  building  stones  were  observed  in  this  district. 


4« 


54 


(.KDLtXiKAL    SIKVEV,    CANADA. 


The  slialf>  arc  all  "f  th»'  soft,  easily  wt'sitlnTcl  variety. 
mosstly  of  dull  culmirs.  Small  ironstone  eoneretions,  I'ther  in 
layers  Or  sfatten-d  tliro\i«h  the  l.eds.  are  frequent,  hut  they  are 
generally  free  from  partich's  of  nypsuni. 

(iinjtinr  Slatuiti.  Ali(i.—\  sample  \va>  taken  from  a  shah- 
bank  about  H  miles  west  of  (Iwynne  station.  The  hank  was 
about  2.")  feet  in  hei«ht,  and  except  for  a  2  foot  Led  of  sand  was 
all  composed  of  soft  olive  shah'.  There  was  from  one  to  two 
feet  of  overbunh-n  i  Plate  XXV). 

T}'.''  sample  was  taken  from  the  western  eiul  of  the  outcrop, 
below  the  san.i  l-ed.  and  represents  an  average  "f  a  15  foot  face 
of  .shale.  Tliis  >hale  (IHOO)  when  mixed  with  2.')  per  cent(>f 
water  formed  a  very  plastic  -^ncky  mass,  oi  poor-working 
quidity,  which  cracked  m  dryimi.  I's  air  shrmkatje  was  8-.'> 
per  cent,  and  tensile  ^trensth  2:52  pounds  per  stpiare  inch. 

It  burns  to  a  re<l  brick,  .almost  steel  hard  at  cone  OH),  with 
a  fire  shrinkage  of  11  iht  cent,  and  an  absorption  "f  lOi'  l>er 
cent.  Tlie  clay  softens  at  cime  1.  I'nle-s  burned  very  .slowly, 
this  clay  develops  a  black  core,  bloats,  and  crack-  the  iiricki.'ts, 
so  that  il  was  not  possible  to  bum  it  hmtier  than  cone  010  in 
our  test  kiln.  This  iroutile  is  prouaiily  due  to  the  presence  of 
carbonaceous  matter,  bui  tiie  amount  is  small,  a  ciiemical 
analysis  specially  made  lor  this  purpose  sliowiim  oniv  (i-8S  per 
centof  organic  carbon.  The  reasoi..  thai  this  small  amount  of 
carbon  causes  such  troulde  ir,  tlii>  ise  may  ite  .nvmu  to  riie 
80ap-lik.  texture  •)f  the  <'iay,  -o  ti.;n  tiie  gases  dev.-iojH'd  m 
buriMB*  off  the  cariion  ■•anuot  .-^aiie  trom  tie-  b.Miy  faster  tiian 
vitrih«-3tion  of  the  Mirfst."-  of  tiw  bricK  pr<we*-«l-.  unless  a  gr>'at 
«leal  Of  time  is  cimsuiiiH*!  in  the  .widiuion  -^iWJe  of  the  i>iirnins. 

A  *«rtion  of  thi-  cUr.  wa^  p»»*eaied  in  \u<-  laboratory  t.  a 
temi>«-3"ire  of  ,".,">0°  I  .  .*^i-  1.'.  wHWUle-  .\ft.T  :.-mi)«'riiig  wi'-.h 
water  .tuti  miHildiiig.  ilie  ■■my  rna*-  treated  would  stand  tas« 
drying  rj^jHisiir''  to  ihis  r.-mpenisisre  was  -^uttieient  to  driv.' 
off  till-  .•!*»**>n»*'eou»'  .•4.-it.^nt  M.  ttfeai  brieWirt  then  learned 
t>veii  111  i  c!-siBfHwativ«^v  sf»i*»^  tifie  to  cone  ():i  rrtt^iwtil  ai>  -..lack 
eoring  or  t+'iJ«i'B»^   to  ^^r**" 

Tiie  j«»4ofafeHfi  vi»-  ^JH-n  \viet.mirtiiH»"-l  ilrif^l  with  .ii  air 
shrinkiMJe  uf  ;=  ♦»  j*^  c»nTt      Aft«^  liiiiuitH:       cot..-  UIO.  xut-  ^re 
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fhrinkagt'  was  0  7  per  rent,  and  the  ahsorptioa  19p«Tcent.  At 
rone  03  the  fire  shrinkage  was  0  jxt  rent,  anil  tlie  ahs'irption 
10  y  \H'T  cent.  Owing  to  the  fact  that  this  ehiy  lias  u  low  fusing 
j)oint  and  is  not  suitable  for  the  manufaetuie  of  vitrified  wares, 
the  exiwnse  attending  tlic  preheatinK  process  for  this  particular 
case  would  not  he  justified,  although  there  is  a  great  quantity 
of  the  material  that  is  easily  accessible. 

Another  sample  was  tak.^n  from  a  cutting  on  the  railway 
line,  abou*;  one  mile  east  of  (iwyimt ,  representing  a  bed  of  soft 
grey  shale  about  13  feet  in  thickness,  and  without  overburden. 

This  shale  (1801)  when  nii.xed  with  24  per  cent  of 
water  forms  a  ma.ss  of  fair  plasticity,  somewhat  sticky,  an<l 
containing  so  much  fine  grit  that  it  may  be  described  as  a  silt. 

Its  air  shrink.'ige  is  S  per  cent,  and  the  average  tensile 
strength  of  the  dry  clay  140  pounds  p(  r  scpiare  inch.  A  full-sized 
brick  cracks  in  drying,  but  the  sihmH  test  i)ieces  did  not. 

This  material  makes  a  good  red  brick,  almost  steel  hard  at 
cone  010,  with  a  fire  shrinkage  of  1-3  Jier  cent,  and  14-.")  i)er  cent 
al)sorption.  At  cone  03  the  body  is  almost  vitrifietl,  with  a  fire 
shrinkage  of  5-3  per  cent.  The  clay  flows  very  smoothly 
through  a  die,  but  .short  lengths  of  3  inch  round  pipe  made  from 
it  crackeil  and  warped  while  air  drying. 

The  clay  makes  a  smooth,  hard  dry-jiressed  brick  of 
good  red  colour,  having  a  fire  stirinkagc  of  4  i)er  cent  with  an 
absorption  of  8-2  per  cent  at  cone  05,  but  several  fire  cracks 
develop  on  burning. 

On  both  sides  of  the  bank  from  whidi  this  sample  was 
taken,  tlie  outcrops  show  about  14  feet  of  sands  overlying 
thinner  shale  beds,  or  shale  and  sand  beds  interstratifieil  and 
unworkable.  These  outcrops  occur  near  the  top  of  the  valley 
Willi  of  Pipestone  creek,  but  the  beds  are  also  ex])osed  in  s<jme 
of  the  spurs  that  extend  out  into  the  valley  ix'low  the  level  of  the 
railway  line  (Plate  XX  \). 

A  short  distanet  east  of  this  >i  )int  the  railway  haves  tlie 
valley  and  traverses  the  iirairie  leve'.  so  that  no  outcrops  are 
seen  exeij)t  on  the  shor<'s  of  Bittern  hike,  until  the  town  of  Cam- 
rose       ■eaclied. 
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('ainr,iKt\  Alta. -lu  tlic  viilliy  of  ilic  «iniill  >lrciim  wl.ii'li 
flows  throu|!)i  th<  town  ;i  ix'd  of  (jrcy  satidy  i-liiy  liii!*  luoi 
prirtly  uiu'uvcrcd.  A  siiinpU-  of  tins  clay  wii.»  tiv' en  from  a 
>-li  How  pit  alxmt  :i  fict  (let  p.  iiciir  tli<'  ci'mfTit  Mo  k  works  of 
Mr   ,1.  «>.  Williams,  liut  the  tliicknos  nt  tin   Ixd  i-  unknown. 

The  day  (l,  mI  is  vt'ry  uritty.  and  iii)?hly  calcan'ous. 
I. lit  not  suflicifntl>  -'>  to  tairii  to  a  ImtT  colour.  Fifty  per 
cent  is  lii'ld  on  ;\  2(Mi  iiicsli  sifvc.  Mi.xcd  with  '2.')  pt-r  cent  of 
watfT  it  has  a  ini<liiini  to  low  plasticity.  Thf  air  -hrinkanc  is 
•i  p<r  cent  and  the  avcra(:<'  tensile  strciitJth  when  air  dried  is 
141  pounds  per  s(piarc  inch. 

It  hums  without  any  fit  shrnik.tui  to  .i  pah-red  colour  at 
colli'  (110,  and  with  an  alisori)tioii  of  l.')h  per  cent.  .\t  cone 
!•:<  tlic  surface  of  the  hricklet  is  sto  !  h.ani  the  fire  shrinkane 
>li>:lit,  and  flie  al)soii)tion  lli-4  jht  cent.  It  rtvised  to  a  slightly 
higher  tcnipirature.  this  material  .Miftens  rati,  f  suddenly,  and 
fuses  com])letely  at  ciine  1.  The  clay  Hows  rithir  snioothl\ 
ihrouKh  a  die  from  a  stiff-mud  iiiachinc.  ~o  that  it  could  prohahix 
he  Used  to  make  wire-cut  hricks  and  porous  dri  tile:  moreover 
it  <'aii  lie  drir-     iiioderatcix   f;ist  without  crackin;; 

The  shall  .iitd  clays  hive  been  incountered  ii'  :i  few  j>l:i 'es 
midir  the  ovi  rlyinn  <lrift  while  o))eninK  u))  dr.-  ns  for  i>i|M' 
laxiiiK-  .\t  one  ))oint  ,i  dejiosit  of  greenish-yellow  clay  rescm- 
hlinn  iixli'  Enase  and  known  as  bmliiiiili  or  soa))  cl.i\ .  was 
uncovpred.  i'l  is  material,  which  contains  Jl  )ii  r  cent  ot  hydrou- 
silica,  is  very  tine  textured.  'IhI  has  unusual  ahsorhent  (pialilie- 
.Mthouph  consideralil.v  more  refractory  than  any  of  the  clay* 
with  wh;ch  it  is  here  associated,  it  contains  too  hijih,  a  j)ercentai;i 
of  fluxinp  impurities  to  he  ;i  fireclay.  The  shrinkajie  and 
crackiiiu  of  this  mati  rial  in  drying  is  exce-^si\e  .\n  attem])t 
was  made  to  use  it  in  connexion  with  sand,  and  a  '  ricklet  made 
of  a  mixture  of  one  i)art  heiitonite  :ind  threi  ))a..-  ^aiid  was 
hurued  to  cone  ();{.  It  produced  a  soft-reil  i prick  wit)  a  total 
shrinka)jc  of  H  .")  jur  cent,  and  an  ahsorj)tion  o:  20  per  c;  nt,  hut 
was  so  weak  as  to  he  useless  for  stnu'tiiral  i)ur|)ose>.  Mr.  M. 
A.  Maxw'll.  the  city  en^i'ieer  of  Camro-e,  su|)plied  the  !ollowi;i(j 
data  of  some  horiiijts  niadi  for  the  water  supjily,  tlie  <le*criptions 
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Till  \i  uri  \illi-(':iln;ir\-  iiranrli  uf  the  ('Mii.iiliaii  Nun  -mi 
railway  :ii)iM'iarl.i  >  tlic  tiiwii  of  CaiiiniM'  from  ttn'  -mitti  fliii.,i^;li 
tl.i  vaili  ,  I.I  Stupx  (  riik  I'latf  XWI  1,  ami  tin  In  >li  l■lltIll,^< 
iiiailf  a'   iiitiixjl-  aldiiu  t!,i>  line  uf  railway  atTiinl  -I'Vrral  t"'"l 

«i .    iiiii>  II'  tti,.  Kilnidiiiiiii  -crii-       A  ■.ainpli-  was  takiii  in.m 

"I  till'  I'lUUin;-  ahuiil  .i  mill-  >i.iilf  uf  tin-  liiwii.  Tlu'  >n'tii.:i  t 
til-  jiuiiit  ...ii-i>ts  .1  rati, IT  tliih,  altcriiatiiiii  1mi1~  uf  >a!i.!-, 
ilay-.  shall  •«.  ami  li>:iiiii~.  Iiavinn  a  total  tliii-kno- nl  ovit  .^O  ;.  •  t 
I'lati-  X.W  II  .  Thin  an-  thrci'  si-aiii>  of  limiiii.  M'par  ••  I 
Iroiii  rarli  utl.ir  li\  M'\iral  ffct  of  shalis,  towanls  tlir  liiif..-, 
1. 1  till'  -ii'tii.ii.  A  ~  iiiiplr  was  taki'ii  ri'|irisiiitiiin  tlir  S-  > 
above    the  ii|i|Mr  linilH.    -i  am.  Ilolle  of    tllelll  lielllH  tliick  Clii.li^li 

to  iiiiii.i   ~i  p. irately.      I'ortioiis  of  ilim  layers  of -mall  iroii-'oi- 

I'lHiTel  ioli-    .ire    iliehlileil. 

Till-  ila>  17!tti)  when  niixeil  uitli  2'.>  |)it  iini  of  \\:,Ui 
loriiis  a  ~niootli  -tieky  mass,  with  I. til  workiim  i|iirilities  :■.):•] 
alinorniai  craekn  l:  in  ilryin)^.  Its  air  shriiikaiie  i>  s  s  pir  e. ;  ' . 
:i>iil  tensile  strength   12(1  pi  uii'ls  per  M,'i:ire  itieh. 

It-  tire  -hrinkajie  at  eone  (H(l  is  1  j.ir  eent.  alisorplion  1  }  ti 
Ji.r  cent,  ami  loloiir  red. 

The  l.rickiet-  are  steel-harii  when  Imrmd  to  eon.  0;{.  wit  a 
hre  shrinkage  oi  •')  H  jier  cent,  aiui    ihsoriition  of  ;{  ii  per  ee; 
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The  clay  vitrifies  at  cone  1,  and  soften;^  at  cone  ;}. 

It  appears  to  contain  soluble  salts  an.l  the  colour  of  the 
wet-moulded  Ivricklets  is  not  very  clear. 

Dry  pressed  and  burned  to  cone  05  this  clay  makes  a  facing 
brick  of  reddish-brown  colour,  with  an  absorption  of  G-3  per  cent. 
At  cone  03  the  colour  of  the  brick. ets  is  dark  red,  with  a  steel 
hard  surface,  the  absorption  4-6  per  cent,  and  fire  shrinkage  6-5 
per  cent.  A  small  sample  from  a  bed  of  yellowish  shale  several 
feet  in  thickness,  lying  between  the  two  lower  lignite  seams  in 
the  same  section,  was  tested  and  the  following  results  obtamed. 

This  clay  (1797)  mixed  up  with  26  per  cent  of  water  to  a  very 
*tiff  dense  mass,  which  could  not  be  easily  worked  by  wet- 
moulded  processes,  and  cracked  in  drying.  Its  air  shrinkage  was 
7  per  ■  -nt. 

Burned  to  cone  010  it  produced  a  hard-red  brick  with  no 
appreciable  fire  shrinkage  and  an  absorption  of  16-2  per  cent. 
At  cone  03  the  bricklets  were  steel  hard,  the  fire  shrinkage  high, 
i.e.,  8-3  per  cent,  and  the  body  dense.  It  is  completely  fused 
at  cone  1. 

A  l)ed  of  dark-brown  shale  lying  under  the  lower  lignite 
seam  and  almost  on  a  level  with  the  railway  tracks,  also  cracks 
whil"  drving.  A  sample  (1790)  from  this  bed  had  an  air  shrmk- 
age  of  o'-ti  per  cent,  and  burned  to  a  steel  hard,  red  brick  at 
cone  010  with  10-7  per  cent  absorption.  The  body  is  dense, 
with  9  6  per  cent  shrinkage  at  cone  03,   and    the    shale  fuses 

at  cone  3. 

Beds  of  shales  and  clays  of  similar  character  to  these  are 
expose.l  at  various  parts  of  the  valley  between  this  point  and 
Camrose,  and  samples  of  them  would  probably  give  a  repetition 
of  results  outlined  above.  At  one  point  a  bed  of  about  2  or  3 
feet  in  thickness  of  bentonite  was  observed  outcropping  about 
10  feet  below  the  railway  line.  The  extremely  slippery  character 
of  this  clav  on  which  the  railway  track  rests,  probably  accounts 
for  the  c.mtinual  sliding  of  the  latter  into  the  valley  bottom. 
A  row  of  heavy  piling  now  keeps  the  line  in  place. 

The  Edmonton-Calgary  branch  of  the  Grand  Trunk  Pacific 
railwav  was  examined  for  some  distance.  As  this  line  runs  on 
the   prairie    level,    and   mostly    avoids    the   valleys,    the    light 
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cuttings  along  it  sliow  principully  drift  materials  coinposfd  of 
sand  and  gravel.  Sonic  shali's  were  -fcn  dose  to  this  line,  in  a 
small  stream  valley  near  Dinart  sid;n;j,  8  miles  north  of  Cani- 
rose 

A  sample  of  soft-yellow  shales  from  the  north  side  of  tliis 
valley  cracked  so  badly  in  drying  that  it  was  not  tested  further 
in  the  laboratory,  but  it  is  similar  to  No.  1800  in  character. 
A  fair,  reddish,  drj--presscd  brick  was  made  from  it  which  had  a 
fire  shrinkage  of  2-5  per  cent,  and  absorption  of  14  per  cent  at 
cone  l).'<;  the  brick,  however,  was  somewhat  fire  checkei'. 

On  the  south  side  of  this  valley  a  bed  of  harder  -i  .ties  was 
observed  overlying  a  seam  of  lignite.  This  shale  (1799)  was  very 
stiff  and  sticky  when  tempered  with  water,  and  the  small  test 
pieces  cracked  in  drying.  Its  air  shrinkage  was"  o  percent, 
and  gave  a  steel-hard  light-red  bricklet  at  cone  010,  with  a  fire 
shrinkage  of  1  per  cent,  and  absori)tion  of  12  o  i)er  cent.  At 
cone  03  the  fire  shrinkage  was  7-5  per  cent,  and  absorption  4 
percent.  The  shale  softens  at  cone  1,  and  is  completely  fused 
at  cone  2. 

The  lignite  seam  below  this  shale  is  mined  to  a  limited 
extent  by  Mr.  H.  S.  Nomeland,  on  whose  property  it  occurs. 

The  shiles  and  clays,  then,  of  the  Edmonton  series,  which 
occur  in  the  neighbourhood  of  Camrose,  do  not  seem  to  be  pro- 
mising materials  for  the  manufacture  of  clay  products.  As 
the  present  examination,  however,  was  not  exhaustive,  it  is 
quite  possible  that  other  clays  may  be  found  which  will  give 
better  results. 

This  statement  is  made,  because,  as  already  pointed  out, 
the  individual  beds  of  this  formaticm  are  not  continuous  over 
extensive  areas,  and  the  character  of  the  clay  or  shale  may 
change  from  place  to  place. 

The  clays  and  shales  are  generally  found  well  situated  with, 
regard  to  economy  of  worki-ig,  and  the  transportation  faciliti»  > 
of  the  district  are  excellent,  either  for  the  assembling  of  raw 
materials  at  a  central  plant,  or  for  the  distribution  of  the  finished 
product. 

The  lignite  seams  of  the  district,  although  thin,  have  been 
mined  for  some  time  near  the  town  of  Camrose,  and  a  sufficient 
supply  for  burning  clay  wares  could  always  be  provided. 
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The  results  of  »iiiiir  cxiHTiinciits  made  in  tlic  lalinnilory 
with  a  view  to  trcatiiid  those  chiys  wliich  cause  troul)h' in  drying 
to  make  tlieiu  wnrkatile,  are  given  in  another  ;'liaptpr. 

'Die  ])relieating  of  the  raw  chiy  before  manufacturing 
seems  to  lie  the  hest  method  for  eliminating  air  cracks;  the 
expense,  ho\v<'Ver.  of  this  process  must  of  necessity  preclude  its 
application  to  any  l.ut  tiie  lietter  grades  of  chiy.  Preheating, 
therefore,  does  not  seem  to  be  warranti'd  for  use  v  ith  the  clays 
thus  far  discovered  in  the  ("amrose  district.  Tlie  softening 
point  of  most  of  these  clays  is  too  low,  cone  Xi  being  about 
the  limit  to  which  they  could  be  burned  commercially.  They 
will  not  produce  vitrified  wares,  or  those  varieties  wliich  reipiire 
salt  giazinn.  but  Xo.  17(11)  could  ])rot)ably  be  used  for  firej)ro(if- 
ing.  if  commercial  conditions  would  allow  of  the  iirelieating 
treatment. 

One  i)er  cent  of  salt  was  added  to  the  clays  wliich  were 
moulded  into  test  jiiices.  This  was  found  ((uite  cH'ectual  \<-y 
jireventing  tlie  small  jiieces  from  cracking,  but  cannot  be  relied 
on  to  do  so  when  tlie  clay  is  made  up  mto  full-sized  bricks,  nor 
was  the  objectionable  stickiness  of  the  clays  overc()me  by  tlii>^ 
means. 

Some  of  the  clays  ai)i)ear  to  give  good  results  vhen  dry- 
prc^scc!.  and  other  beds  from  which  small  sani])les  only  were 
taken,  anil  not  ti'sted  for  dry-jjressed  bricks,  may  be  adapted 

to  this  ])r( ss  also,  and  give  a  wider  range  of  colour.     The 

bricks  made  by  dry-press  machines,  however,  must  be  biiriied 
hard  enough,  at  least  to  cone  (15,  and  in  some  cases  to  cone  (IM. 
In  orcler  to  accomplish  this,  ])ro])er  kilns  must  be  provided  icr 
luirning  them.  Failure  to  ])ro(luce  good  dry-jjressed  bricks  in 
this  region  is  due  nii  iloubt  largely  to  the  fact  that  they  are 
Hred  in  scove  kilns,  and  hence  are  not  burned  hard  enough. 

It  is  ))ossible  that  losses  by  tire  checking  may  run  rather 
high,  when  s<ime  of  these  clays  made  by  the  dry-))ress  method 
are  burwd  commercially.  This  has  been  overc()nie  ti.  a  certain 
extent  at  one  ]>lant  i),  the  west,  by  i)Utting  the  clay  as  it  comes 
from  till   bank  tlinmgh  a  rotary  drier. 

M ilfiird.  Alhcrtn.  Previous  reference  has  been  made  to 
the  Tertiary  shales  outcropping  along  the  Bow  river  between 
( "ochrane  and   Kananiiskis.     These  are  us\iallv  dark  in  colour. 
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much  folded,  and  at  many  points  show  layt-rs  of  har  i  san.lstonc 
or  sandy  shales. 

The  softest  shales  observed  were  those  alon;;  the  I'anadian 
Pacific  tracks  west  of  the  section  house  at  Mitford. 

Here  there  is  an  embankment  (Plate  XXVIII)  just  west  of 
the  coal  mine,  which  is  mostly  soft  shale,  but  shows  much  sand- 
stone at  the  west  end  of  the  cut  bank.  The  dip  of  tlie  shale  i>. 
obscure,  but  the  sandstone  at  the  west  end  of  th.'  bank  dips  east- 
ward. 

\t  one  part  of  the  bank  there  is  a  face  of  .shale  free  from 
.sandstone,  at  least  t>0  feet  hmg  and  M)  feet  hiRh,  and  this  was 
sampled  for  testing  in  the  laboratory,  with  very  satisfactory 
results. 

The  material  (1760)  is  a  non-calcareous  shale,  contain- 
ing much  coarse  grit.  It  worked  up  with  17  i)er  cent 
of  water  to  a  mass  of  medium  j)lasticity,  whose  average  aii 
shrinkage  was  5  per  cent,  and  average  tensile  strength  when 
air  dried,  203  pounds  per  square  inch. 

The  clay  flows  easily  and  smoothly  througli  an  annular 
die,  and  a  full  sized  brick  can  be  dried  moderately  fa.st  without 
cracking. 

Wet-moulded  bricklets  yielded  the  following  results  on  firing. 
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This  shale  gives  a  good  red  h.ird  body  cviii  at  cone  010. 
Tiie  material  is  one  of  the  best  red-burning  sliale>  (,f  tlie  Creat 
Plains,  and  while  it  would  work  for  red  briik  and  probably  fire- 
proofing,  it  is  hardly  refractory  enough  to  stand  salt  glazing. 
("on.sequently  we  do  not  recommend  it  for  sewer-pipe. 

.\  dry-pressed  brick  at  cone  O.'j  had  a  good  red  colour,  '. 
per  cent  fire  shrinkage,  and  HO  p.T  cut  aliMirption.      Tliis  test 
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was  viTv  s!itisf:u't(ir>.     At  iimc  I  ihc  dry-press  tirick,  although 
q\iit<'  (loisc,  was  of  too  dark  a  colour. 

Samples  of  thi-  elay  expressed  thrimnh  a  3  inch  annular 
die  pave  good  pipe  at  cones  010,  OH   and  03. 

About  one-half  mile  vest  of  the  cut  from  whuh  this  sami)lc 
was  taken,  there  is  another  sectiim  of  easterly  dippiuR  shales, 
with  interlied(h>d  sandstones,  hut  the  thickest  bed  here  is  not 
more  than  1.^  feet. 

Tertiary  Formations. 

These  overlie  the  he(h  of  the  Kdmonton  series,  and  form 
a  broad  belt  extending  from  somewliat  north  of  the  (Jrand 
Trunk  Tacitie  railway  west  of  Ediiumton,  southward  almost 
to  the  International  Boiiiidary. 

The  most  imixirtant  occurreiu(  s  are  in  the  Cainary  rej^ion, 
and  those  at  Sandstone  and  Brickburn  were  referred  to  in  last 
year's  report. 

Tests  of  the  shales  worked  for  brick  at  both  of  these  local- 
ities were  also  niven.  and  their  comiiaratively  low  fusing  jxiint 
(eont    1 )  was  noted. 

.\  description  and  tests  were  als(j  gi^-en  of  a  bed  of  sliale, 
not  utilized,  located  aiiout  one  mile  east  of  Cochrane. 

The  one  caution  that  was  .sounded  last  year  was  that  careful 
pros]>ecting  should  be  <lone  before  oi)ening  up  any  of  the.se 
de])osits,  ill  order  to  find  a  section  in  whicli  the  sandstone  beds 
were  at  a  minimum. 

Nothing  final  was  ])ri'dicted  at  that  time  regarding  the 
possibility  of  finding  more  refractory  days  in  this  group  of  beds. 

lirick-hurn.  Alto. — .\t  Brickburn  the  shale  being  worked  for 
brick  manufacture  lies  near  thi'  top  of  the  (>scarpment  over- 
looking the  Bow  River  valley,  but  no  cuts  had  been  made 
lower  down  in  tlie  section. 

It  was  known,  liowever,  tliat  shales  were  ex])osi'd  in  the 
escarpment  to  th"  east  of  Bricklpurn.  and  further  ])rospecting 
was  strongly  advocated. 

During  the  past  year  some  work  has  been  done  on  the  tract 
just  east  of  the  brickw(jrks,  showing  that  the  shale  beds  probably 
continue  down  to  the  track  level.     The  shales  were  also  found 


^mM:i:^^m^mii0w/'w^ 


^I.^Y    A\U    .-iHAI.K    I)KI>0-^ITf^ 


tu 


outcroppiiiR  ill  til..  Kully  fxtvn.liiiK  s.mtliwMnl  from  il.,.  truck 
uial  leading  to  a  saiulstonc  quarry,  whicli  appears  to  lie  lu^Ler 
than  the  Briekhurn  elay  pit. 

On  the  faee  of  the  esearpiiieiit  two  o))|.niliKs  were  ii,.i.le. 
One  <,f  these  was  Jjerhaps  .-,()  fi.ct  above  the  traek  level.  .,,!,! 
showed  several  heds  of  shale  li  to  4  feet  in  thiekne^v,  nit.  r- 
stratitii'd  with  sev.Tal  Ih.Is  of  sandston.^. 

Another  opening  liad  heen  iii:i.l..  about  2.")  {'.■.■t  high,  r  up 
the  hank,  and  liere  a  >..ft  shale  was  eximse.l,  hut  th.^  tar,-  „i  tli,. 
excavation  was  not  in.ire  than  ti  feet  high.  Then-  was  n..  .vi- 
d.iiee  of  sandstone  outero|)i.ing  in  the  sj,,,,,.  above  the  ex.-avat  ion. 

A  ear  hjad  of  shale  h.id  been  shijip..!  fn.ni  this  ..it  to  the 
sewer-pipe  jilant  at  .M.^.liein.'  Hat  in  ..r.hT  to  t.^st  it  i,.i  t!,.. 
manufacture  of  sewer-iiipe.  and  Uw  r.'sults  of  this  t.-t  an-  -:;id 
to  hav.'  been  satisfactory. 

-V  sample  for  testing  was  also  tak.'n  by  us  from  t).i.  -.mie 
excavation  anil  the  results  are  given  below. 

Tlie  material  (17o!)l  work.'.l  u])  with   IH  p.T  c.iit  ..i  v.a^.r 

to  a   ma.ss   of  good   plasticity   but    c..ntaining   mti.'li   hue   ^rit. 

■N  ■■iv.Tage  air  shrinkage  was  ti  per  .•.•ut,  and  fuU-siz.  .1  bricks 

d  be  dried  moderately  fast  without  cracking.     Th.'  a  v.  r,-.te 

..sil.>  strength  when  air  dried  was  00  pounds  per  s.|uar.-  in,  ii. 

Burning  tests  of  th.-  wet-moulde.l  bri.'kh'ts  were  as  fol!,,w-: - 


Cnnr 


I'irf  -hrinkMEp. 


.Xhxirptiiin 


010 
05 

II 

U  7 

i:i-2 

11  0 

I.ii;li'  11  •! 

m 

;i 

.si 

RmI. 

■  i  4 

)'     -• 

3 

:i« 

4  .1 

4 

4  .i 

Dark  ml 

\  iiritiiil. 

1.5 

I-U.-l'<i. 

These  results  show  that  th."  .'la)  has  low  fir-  shrinkage,  low 
ab.s.irption,  and  burns  to  a  go,„l  c.)I.,ur.  It  shoul.i  not  .n.ly  make 
agoo.i  brick,  but  commends  it.^elf  also  for  fin  proofing  an.i  s.  wer- 
l)ipe.  Indeed  trials  made  of  this  clay  at  the  -wer-jiipe  works  at 
Medicine  Hat  show  that  it  takes  a.  good  salt  glaze. 
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Of  ureiit  signifii-nncf  is  the  fact  that  thi-.  shal»"  ')rcurs  rh)sf 
to  that  work«'(l  for  brick  at  Brickburn,  Alta.,  hut  the  hed  is  at  a 
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Heat  treatment  eApressed  -n  cones 

Fitj.  5.  —  Ab-*orpti()n  iinti  fire  -ilirinkug'  cur\'i'-  of  -*t*wt'r-pip<'  Av.ui* 
\().  1759.  fnjin  Hrick^uni.  Alr;i. 

sliuititly  lower  level.  The  brickworks  shale  fiisrs  at  cone  1, 
while  this  is  only  vitrified  at  con-   \). 

We  have  here  then  two  shales  of  widely  ditTerent  |)ro])erties 
oceurring  close  tonether  in  the  same  formation,  and  which  em- 
pliazises  the  point  ma<le  by  iis  ir  last  year's  rei)ort.  viz.,  that 
these  Tertiary  shales  occurring  south  and  west  of  Calgary  should 
b."  carefully   exploited. 

Unfortunately  the  bed-rock  is  covered  at  most  places,  if 
oidy  by  surface  wash  from  the  upper  slopes,  but  if  these  are 
trenched  the  shale  can  no  doubt  be  found  at  many  points  without 
much  difficulty.  Such  examinations  should  be  made  in  the 
valley  between  Calgary  and  Cochrane. 
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Tlii.s  iiiclud's  thf  nuioii  l.nr.l.  r.d  (,ii  t!,r  r:i,t  hv  tl,,.  (ip'it 
Plain,,  an.l  on  tl...  wrst  l.y  tlH.C„a>l  ran,:..,  an.i  !.;„  ,i„t  y.-t  u'ru 
sh.nvn  t..  I,av..  vxUusWv  chy  n.s.mm.s.  .M„r.„v..r,  a.' ,.,l,.,..nly 
I'..nit..<I  ..ut,  tlrns..  wl,i,.i,  niay  .,..,.ur  in  tl.is  r;.L'io„  rain.ot  I...  .if 
nnidi  f<.nini..r<.uil  valu..  unl..ss  ^ituat...l  ..l,,-,.  tn  |i,„  s  ,,|  tran- 
IH>rtatiun. 

In  Memoir  24-E,  containing  til."  r.>uits  ,,f  last  vcarV  \vorl< 
we  ,livi(l...l  the  clay  n's.nirces  i.ito  two  ..las-cs,  vi-,  shai..^  -iud 
surface  clays,  n.'itlu.r  of  w),icl,  was  of  v..ry  ^nal  i.n|.i>rtan..... 

r-'uch  a  uroupinK  liar.liy  s..,.nis  warrant.. I  in  th,.  pr.sciit 
mstanec,  an.l,  th(.rcforc,  the  localiti..s  will  l.c  r..fcrr...l  t..  Koine 
from  cast  to  west. 

liloirmorc,  .l//./..-R..f..r..n<...  was  made  in  ..tir  last  r.'ix.rt  t.) 
the  Kootanie  shal..  whicli  is  heinK  worked  at  JJlairni..r..  for  the 
manufacture  -f  dry-pres.sed  l.rii.k,  l.ut  n.)  t..sts  of  tl,..  niat.rial 
WTO  Kiven.  i,.  phmt  was  still  in  op..ration  in  l'.»n,  imt  the 
slial(.  friv<.s  ,jisi,h.ral.le  tr..ul.l,.  wilh  hia.k  coriiifr,  evi.l..ntly 
<lue  to  too  rapid  firinj,'  of  the  clay.  Th..r..  is  alo,  ,1..  npr  of 
Jl.'ttins  tlie  arches  overhurn..,!,  an.!  not  K.'tlin-  ..aoiif;;,  :r..  in 
tlie  middle  and  ui)pcr  l,..nches  ..f  th..  kiln. 

In  ord..r  to  overcome  som.-  ..f  th.  v.  .Iil[i..|ilti,.s  th..  kilns, 
which  a.-e  .sin.ply  permaii..nt  si.l..  wall  stru(.lun..,  w.r.:  I„.in}r 
made  narrow.. r. 

A  sample  (17ti(j)  r..pr(.M.ntiiii;  ih."  run  of  th,.  hank  was 
tested  hy  us  in  th..  lah.  at.iry.  W..  f..iu„l  it  to  l,..  >,,  gritty 
and  of  sudi  low  plasticit\  tliat  it  culd  n.t  U-  wi.t-m.,uld..,r.  anil 
\vi.  e.mseciuently  formed  it  into  dry-press  l.rickl..ts. 

Owing  to  tlu  carijonaceous  matt.'r  in  the  clay  it  ha.l  to  be 
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i.urniil  vtr\   >ln\\ly,  until  all  tlic  <  hIm.!.  \\:i>  ilriviii  otT.     'rin' 
fiiliiiwiiitj  roults  wtTf  iilii:iiiial'lf: 
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Till-  chiy  should  Kc  Ijunitd  to  rour  do  to  nivr  :l  noo.l  liuni 
brick,  anil  tlii-  heat  is  prohalily  not  hcinc  riMi'licil  in  the  kilns 
at  the  \ar(l. 

Fni'ik.  Mt'i.  An  attciupf  was  made  to  (ii'tcrminc  whi'ftnr 
tliiif  wire  any  >hal(s  in  thi'  vicinity  of  Frank  that  niitiht  do  lor 
hrick  niakin;:.  On  the  wc-tcrn  cd^c  of  the  sliil.-,  a!\d  idoii^^  ;i 
wanou  road  leading  ui)  over  the  same,  there  are  ontcropi)inj;s  of 
shale,  while  farther  up  the  Idll.  the  coniiloiuerafe  is  e\i)osed. 
Acro»  a  small  (lulch  to  the  we^t  then-  i>  -i  shale  which  overlies 
sandstone. 

liack  of  this  is  another  val  ■  which  may  rei)resent  a  l.mlt 
line,  and  to  the  west  of  tliis  is  a  hijiih  limestone  riil^e. 

The  material  here  ( 171)7 1  is  a  hanl.  rather  splintery  (;rey 
shale,  which  is  not  jilastic  when  {;round.  It  docs  not  vitrify 
at  cone  I.  but  fuses  at  cone  2. 

Two  dry-press  mixtures  were  tried.  «me  ;»t  cone  ().")  and  the 
otiier  at  con:  (>:?.  Their  fire  shrinkajie  was  'l-'y  in  each  case, 
and  the  ..         ,  tion  was  between  .">  and  (i  p  t  cent. 

Hie  sn.ile  burned  to  a  <iee))  red  and  was  easier  to  fire  than 
the  Blairniore  brick  shale,  since  it  jmibably  contains  less  car- 
bonace(jus  matter. 

Ciiliiiiini.  .!/('(.  Till'  same  shales  also  outcroj)  alonn  the 
wation  road  about  one  mile  east  of  Coleman,  and  while  the  mater- 
ial is  trritty.  it  did  not  look  so  unpromisinj;  as  some  of  the  others 
in  ti.is  repion.  \V<',  therefore,  tested  a  sample  of  it  (17t)8) 
but  found  that  even  when  finely  groiind  it  had  low  plasticity. 
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This  rl,-iy  is  a  -,,M„.w|,;,t   mi-,.|(i.|,„-|,,rv  ,,n,.  :,,|,1  h  ,r,|lv   h. 
'"■'•"•'•'"""""'''••'•••'i'l""i"iM,  .•oul,M„.u^,,|l„r  ,■.„„„..„  l.nrk. 

/''/''"'  '^'  ''""""""  '■'■'••""  '■-i'Miiv,l  l„„ks  l,,.,v,.  I„.,n 
"'.■'-l<'  from  a  siiifarr  r!:,y  :,t  ,l,is  ,,„i„l.  I„u  lluv  ...v  ,.|,i,.||v  lor 
l'"':'l  n.liMlMlt.tliM,.       A  mvat   in.,.,v-l   r,  ,„iv,  „,  ih,    -!r.l,-.  uhlrl, 

"Ut.Ti.i.  Mlunu-  ( 'i.al  ( -nrk  ■■.•tMv.m,  hrtwi.,.,,  K,  „,„■  ,,„|  ,|„.  ,„     ,.. 

l'imsr<|Urlltly  M  IHiml.rr  uf  liirs,-  oiilrnips  , At,. |„ij  p  1 1,,-  v.i  llrv 

to  iIk'  ( •i.l.l  ( -rcrk  iniii.-s  w.'f  .■x,-iiiiiniM|  ui»h  s,,,,,,        ■,..    1„  ,.',.,.,.,. 

mst;i,i,v.  tl„.  slK.l,.  wl,i,-l.   was  intiTlM-,!,!.  .!   vri,  .an.l-t -  uas 

t'.un.l  to  i,,.  ,.x,.....,linKly  gritty.  m.mI  i.„t      '  ,pi,.,l  ,„  l,n,-k  tnakiim. 

Moms.,,,,  li.  V.  ^  Til..  ^  n-snrst  I';  .  „al  .  •,,„,pa;,v  has  a 
l.nuu'h  roail  ..xt..„.lin«  fro,„  ■:  (;,,at  \,,r,hirn  railuav  up  U,,. 
valley  at  .Mornss,.y.  to  vviiich  ,.,.„,!  niiiics  in  t!„  past  hav  Iwrn 
m  operation.     TIht.'  aiv  a  nuinher  of  sliale  out. Tops  aloii-  thr 

traek,  hut  all  of  f]„.  material  is  ex lii,n|v  uritfv  an,l  uiismti.i 

for  the  iiiaiiufact.ire  ,if  hriek.    Mon-ov,.r.  n,ii,r  ,,i  n  ~,.,.nis  t,,  l„. 
refractory  in  eharaeter. 

It  is  also  iiiterestinu;  to  note  that  tliiiv  arr  no  s,.ft  im.l.r- 
clays  i)elo\v  the  eoals  at  eith.T  Morrissry  ,„■  |-Vniie. 

Only  one  sainjile  was  trstcl  In.ni  thr  .M,,iTisM-v  (ii-triet.  an.l 
this  was  eoUected  iVoni  the  fir-t  cui  up  th.-  I.raii.l,  liii.'  t.i  M.,i- 
rissey. 

It  (1771)  is  a  very  gritty.  vjv\ .    e:  ..'an'ous  shah',  of   such 
tow  plasticity  that  it  could  n.it  he  wi  t  niotildeil 
35531— o  J 
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A  dry-press  l)rk'klct  burned  to  a  hiilT  cdlour  a1  eone  05, 
witli  an  absorption  of  22 -9  per  cent  and  no  fire  slirintcaKe.  It 
fuses  at  cone  4. 

Alt!iout?h  the  material  makes  an  attractive  looking  brick, 
the  use  of  this  sliale  is  not  recommeniled. 

Several  additional  sam])les  of  sliale  from  the  Fernic  region 
were  subse(iuently  submitted  by  Mr.  Wilson  of  the  ("rowsnest 
r.iss  Coal  Comijany.     They  were:  — 

Hard  dark  grey  shale,  marked  No.  1  ( 17SI). 

This  is  calcareous  and  of  very  low  plasticity,  -o  that  it 
was  very  difficult  to  moald  wcl.  Some  bricklets  were  wet- 
moulded  for  burning,  and  gave  a  dull-red  body,  whicli  was  not 
titeel  hard  even  at  cone  05.  At  cone  010  the  bricklet  w;i  lightly 
swelled  and  had  an  absor])tion  of  10-7  per  cent.  \t  cone  05 
the  lire  shrinkage  was  ()■^.^  ])vr  cent,  and  the  absor])tion  15-G  per 
cent. 

The  sliale  is  not  to  be  recommended. 

A  dark  coloured  shale,  marked  No.  :5  (17S2),  is  practically 
the  same  as  the  prece<ling. 

A  liard  dark  grey  shale,  marked  No.  4  ( 17S:5\  was  of 
very  low  iilasticity,  and  so  was  moulded  dry-i)riss.  These 
dry-])ress  bricklets  were  burned  at  two  tem))eratures. 

At  cone  1  tlie  bricklet  was  grey  with  0  per  cent  fire  shrink- 
age and  10  ])er  cent  absorjjtion.  .\t  cone  5  the  tire  shrinkage 
was  0  i)er  cent,  and  al)sori)tion  9-5  i)er  cent.  Tlie  bricklet 
liad  swelled  a  litth'  at  C(me  '.»,  Init  was  still  unalTected  at  cone 
15  and  white  in  colour. 

KIko.  B.C.  In  our  last  year's  report  atte'-<ion  was  called 
to  a  talcose  schist  which  was  .said  to  ne  from  Fernie.  Fur- 
ther investigation  ih'velops  the  fact  that  the  material  really 
occurs  along  the  government  road  i)  milis  south  of  Klko,  and 
along  the  line  of  the  (Ireat  Northern  railway.  It  is  found  there 
in  several  ni'arly  vertical  bands,  which  are  closely  associated 
with  (pLirtzile, 

Active  attempts  liave  been  made  for  a  immber  of  mcmths  to 
exploit  this  material  as  a  fireclay,  but  it  is  not  such,  and  indeed 
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it  is  not  ,.v..n  nfrarlnry  in  its  nature,  for  h  sample  of  i, 
tested  hy  us.  as  niciitioniMl  in  last  vear'; 
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in  the  Cohnnhia  Hiver  valley 
and  alonft  the  main  lin..  of  the  ( '.■.nadian  Pacati..  railway  The 
river  Itself  is  hor.lered  l,y  flat  lands,  some  of  whiel,  an.'eoyered 
hy  a  shRht  rise  in  th..  stream  leyel.  On  the  east  side  of  tho 
valley  there  .s  a  rid^e  of  low  Idlls,  mad<.  u,,  .•,p,,,.,rentlv  largely 
ot  Rliieial  material,  an.l  eontaininf;  poekets  of  tou-h  bluish  el  iv 
Avhleli  wathers  to  yellow,  and  is  y<Ty  siltv  m  its  eharaetcr  It 
also  .seems  to  he  quite  ealcareous  in  its  nature,  as  shown  hy  th.' 
tests  g,y,.n  hel<,w.  It  was  not  tested,  not  heeause  it  was  not 
thought  to  hay<-  any  economic  value,  but  for  the  r.ason  t  hat  then' 
was  not  enoufth  of  it. 

Und.TlyinK  the  riyer  flats  there  is  in  places  consid<Table 
silty  clay  of  tiood-plain  orifrin.  Some  of  it  is  yery  i)lastic 
sticky  material,  while  .at  other  tim.'s  it  is  yerv  sandy.  '  Its  ixact 
(lei)th  is  unknown.  While  it  is  probable  that  tlii.s  ll.K,d-p|*aiii 
material  could  })e  used  for  the  manufacture  of  bricks,  still  owinp; 
to  the  hifrhly  calcar.'.ms  nature  of  the  deimsit,  the  i.roduct 
would  be  exceedingly  l)orous. 

There  is  a  possibility  that  it  could  be  f.iriiied  into  cheap 
pottery  by  a  castin-  i)rocess.  but  it  is  not  sulFicieiitlv  plastic 
for  throwmg  on  a  jwtters  wheel.  K.xpcriments  made  bv  us  show 
that  not  only  can  it  i)e  cast  into  porous  pottery  ware,  \nH  it  will 
also  take  a  wliite  tin  shize. 

At  the  present  time  Mich  bricks  ;is  are  used  at  (lohhn  are 
broUKht  cliietly  from  Cochrane  west  of  Calgarv.  and  it  m;iy  be 
mentioned  that  tli..  clay  at  Cochrane  is  in  manv  resix^cts"  not 
unlike  that  which  occurs  at  Colijen,  but  is  somewliat  more 
plastic. 

Common  bricks  are  made  at  Windermere,  farther  down  the 
Coliiml)ia  vaUey,  but  they  are  said  ti>  be  ipiite  porous. 

Tlie  results  of  our  labonilory  tests  on  the  Coldi^n  clay 
(1701))  arcfriyen  below. 

It  IS  a  highly  calcareous,  yellowish  silly  cl.ay.  which  worked 
up  with  ;]2  per  cent  of  water  to  a  mass  of  only  moderately  plastic 
character,  and  hardly  coherent  <'nouuh  to  work  in  .-uiy  but  a  .soft- 
mud  brick  machine. 


BB 


70 


(.KOI.ddlCAI.    .-I  I!\  KV.    rWADA. 


The  ;ivc'r:ij!;i-  tcii>ilf  >trfii^;t i.  was  ."ill  |)(iiin<ls  |)it  s(niar('  inch, 
and  111"'  avcrajic  air  sliriiika^c  \'i  ]>it  ccnl. 

'I'lic  I'onlts  (ilitaiiicil  iin  lirinsi  arr  }ii\  rn  liclow: — 
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This  chiy  Imrns  tci  an  cxcccdiniily  jinriMis  luxly.  ami  sdftcns 
rai)i(li\  as  its  puint  of  fusinn  is  ajiprnaciii'd.  It  cmiid  lie  used 
for  cheap  niajulica.  and  ciinunnn  liriciv. 

'riic  driiii>it  i>  fa\(iura!ily  hicatcd  Idr  wcirkiii^j. 

Kniidiuijis.  B.C.  A  sanii>!r  i'\  chiy  wa-  siilmiittcd  hy  W.  R. 
Austin,  of  Kainioops,  l'>.('..  whicli  was  taiicn  fnun  the  S.  \V.  J. 
of  section  :'■,  townshij)  "20,  west  of  tlie  Citli  Meridian.  'I'liis 
material  was  yellow  in  colour,  >lijiiitl\  c-iicareous,  and  very 
gritty.  It  was  I'vidently  a  -urface  clay,  for  it  contained  some 
deca\fd  plant  ~teins.  This  cla\-  when  tianiiered  with  water 
formed  an  exceedinjiiy  stitf  waxy  ma-^^,  which  was  very  hard  to 
liumld.  The  wet  moiililed  lirii'klets  cracked  li.adiy  in  ih>iii,i;. 
Some  of  the  clay  was  dry-i)res<cd  and  liurned  slowly  to  cone 
010.  The  dr\-presse(l  liricklet  cr.aeked  >o  hadly  in  tirini;  that  it 
was  useless.  It  wduld  lie  futile  to  atten\pt  to  utilize  this  material 
in  the  manufacture  of  cl.iy  ]iroducts. 

.\lciilr    ViiU'il.   li.C.      This  \-allcy  lie-  in  the  Vale  district   of 

I'ritish  ( 'olunilii.a.      It   is  reachcil  hy  i  hranch  of  the  ( 'an.adian 

Pacific  railwa>.   runninsi    southward  iVoni  S|ietice>   Hridj;,.   mn[ 
t.'rminatinii   at    Nicola. 

The  valley  lietweeu  .'^iience-.  Hriil'jr  an  1  .Merrilt  is  some- 
what narr<iw  i  I'late  \.\Xi,  liut  helvvecn  the  latter  jilace  and 
Nicola  it  widens  coii^iderahU  . 
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Tlic  riilKos  wliich  wall  ia  the  v:ill..y  arc  uf  T.rtiarv  volraiiic 
rocks,  nud  ill  thr  tn.ufrh  f,,n„,,[  |,y  tli,.>,.  Ij,.  tlic  ( '..al' Mcasiin's 
which  arc  of  Olifiocciit'  aj;c. 

CaliiM'll  in  a  paiicr  on  tlir  luincral  resources  dl'  Vale.  ]',.*.'.,' 
says: — 

••()lif;ocom>  rocks  occur  in  several  sni.all  is,,late,l  ha-ins 
throuKliout  tliis  rcjrion.  Tlic  rocks  in  these  l.a>ins  vuhm-i  ,,i 
s.-ndstones.  shales.  conKl..nieratc.  and  ci^al.  Su<'h  basins  are 
situated  at  Princeton,  Cranite  Cre.k.  Nicola,  (iuilchena.  Kani- 
lo()i)s.  KiKhThy.  Ni<-oaiuen,  Okanajian  Lake,  and  White  Lake. 
Kach  of  these  Olijrocene  hasins  contains  some  co.il,  and  most  of 
them  contain  several  workable  seams  *  *  «  j^^^, 
Nicola  coal  l)asin  lies  in  tlie  valley  (,f  the  Nicola  river  and 
extends  from  the  lower  end  of  Nicola  lake  for  14  or  L")  miles  to 
the  mouth  of  (luichon  or  Ten  Mil.-  iMvek.  The  maxiinuin 
width  of  ,nis  portion  is  about  15  miles.  The  same  basin  then 
t'xtends  iiortliward  uj)  (uiichoii  creek  for  about  7  miles,  and  here 
has  a  width  of  nearly  :j  miles.  The  rocks  dip  in  many  directions, 
and  at  various  angles,  and  some  faults  may  occur.  Im\  e  difVereut 
seams  are  beinjr  worked,  varying;  in  thickness  from  (i  feet  to  IS 
feet  0  inelies.  Tlie  coal  is  l)ituininous  and  yields  a  firm  ct)herent 
coke. " 

In  the  Nicola  valley  tlie  coal  is  lieinK  worked  around 
-Merritt,  and  the  measures  there  are  l)ent  into  a  serii's  of  folds 
with  dips  rantjinf;  from  2o°  to  iierlia]).-  40". 

There  are  at  least  three  .seams  of  coal,  which  are  interbedded 
witli  sandstones,  sandy  shales,  and  some  coiij;lomerate. 

Two  samples  were  collecte<l  for  testing,  both  of  these  beinir 
from  the  slojies  of  the  Inland  Coal  and  Coke  Coniiianv.  This 
Coin])any's  openin.us  are  on  the  slope  aixive  those  uf  the  Nicohi 
Valley  Coal  Company.  The  beds  dij)  about  -Jo^  east  of  s.iutli. 
and  are  overlain  and  underlain  by  shales. 

One  saniiile  collected  i  1774)  wcs  a  ii;rey  shale  from  the  roof 
of  tlie  No.  1  seam.  Only  4  feet  of  the  shale  bed  was  exiiosed. 
but  it  is  claimed  to  liave  a  tliickness  of  20  feet.  It  .vorked 
up  witii  22i)er  cejit  of  wati-r  to  a  mass  of  rather  fair  i)lasti<ity, 
hut  P(mtaininK  somewhat  coarse  jrrit.  The  avrrajie  air  shrink- 
age wa,^  5  per  cent. 

'CJuart.  Hull.  Min.  Inst..  No.  IJ,  I'.ili). 
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Wet-moulded  hricklits  hchuviMl  as  follows  in  hurning: 
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Still  vilnCicil. 

This  clay  coinincnds  itself.     The  air  and  fin-  shrinkage  are 
not  excessive,  and  the  absorption  is  low.     The  fact  that  the 

Surface  clay  Nicola  Valley,  B.C. 

The  some  rvith  zs  per  cent  of  sard 


0'°  OS  03 

Heat  treatment  expressed  /n cones 

Fl<i.  (1  — .\liM>rp(ii)n  ;in(l  fire  slirirK;mc  I'urvi-  of  suifarc.  cl.iy 
from  Nico[:i  valii'y,  H.C. 

(•I;iy  is  only  vitrifi-d  at  cone  13,  suggests  the  })o.>isil)ility  of 
utilizing  this  clay  for  boiler  brick,  or  special  .shapes  for  coke 
oven  trimmings,  for  it  st.ands  more  heat  than  the  coke  oven 
trimming  bricks   u.seil  at  Coleman,  which  fuse  at  cone  9. 
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A  s..c.m(l  M.rnpl,.  was  tMk.n  fn.m  thr  flo.,r  uf  \„  :',  s,..i,„ 
ami  where  ,.x|....s..,l  avniK.,!  on'y  10  i,.clMs  in  tl,i.kn...s,  l,ut 
tJiert"  IS  a  possibility  that  it  tuny  thicken  np. 

This  material  (ITT".)  is  a  niee  sm.M.tli  i.iaMie  shale,  hut  the 
mam  ..l,jecti„n  t..  it  is  that  it  eraeks  .-ven  in  sl.w  air  .Irvintj. 

\Vet-m..ui(h.,l  I.riekiets  w.Te  ma(l<-  up  an.l  hurmd.  "  Their 
behaviour  is  cited  hejow:— 
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This  clay  hums  to  a  good  brick  bodv  of  fairlv  low  absorpti 
at  cone  05,  but  the  objection  to  it  is  the  air  cracking. 

It  is  of  far  less  value  tlian  tlie  jjreceding. 

A  rather  hard,  tough,  greyish-brown  shale  was  struck  in 
some  quantity  in  a  new  drift  being  driven  bv  the  Nicola  \allev 
Coal  Company,  and  although  it  docs  not  look  verv  promising 
still  It  grinds  up  to  a  very  plastic  mass.     Its  n.fractorv  (lualities 
arc  not  known. 

The  Diamond  Vale  colliery  has  a  slope  driven  on  the  eastern 
edge  of  a  synclinc  wliich  dips  under  the  south  side  of  the  valley. 

The  rocks  associated  with  the  coal  ar>  cliieflv  sandstcmes 
and  much  slickensided  carbonaceous  shale;  hence  they  otTer 
nothing  that  is  attractive  to  the  clay  workers. 

On  the  Triangle  ranch  near  Quilchena.  we  found  some 
outcrops  of  coaly  shale  and  bcntonitc.  These  outcro].  on  the 
lower  slopes  on  the  west  side  of  a  north  south  valley,  which  is 
rimmed  in  by  volcanic  rocks.  The  coal  measures  strike  X.  10^ 
E.,  and  dip  30°  S.E.,  and  at  a  point  where  an  opening  uas  made 
in  search  of  coal  the  limited  section  shows:— 
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TIk  iM-ntuiiili'  i,  .1.11,,.,  with  ;i  iiritiM  I'Mik  Mini  cDii.li.ii.lnl 
iiMctiiir.  Till-  liiil  ImIdw  It  i,  siiiiil.ii'  ill  >tiu..tiir..  Imf  is  white 
ami  .'h.-ilky  l(M.kiiin.  aii.l  is  pniliaMy  tli..  -am.'  iii:iliii-il  wliicli  hus 
ilrii'il  mit  nil  .  x|)iisnri'  to  tlic  ~un. 

Til"'  iHiit.iiiili.  h.i-  stmnj;  ahs,,|-i„.nt  )inipfrtir~,  and  tliis 
narti.-iilar  sample  n'(|iiirei|  a  liijili  am.niiit  of  water  tn  umk  it 
up  ililu  a  pla~lic  mas  .      It  is  i,|'  n,,  value  liir  lirii'k  iiiakiiii,'. 

.\~  an  exiierim.iu  a  simpl,.  u\'  it  was  miMil  with  -and.  in  the 
pr..porli(M  .if  1  ti.  H,  and  ^ave  a  fair  hriekl.'t  wlms.'  air  -liriiika,i;e 
was  .')  p,  r  (•int.  'I'lie  liri'  -hrinka'Jie  at  cim..  (ill)  wa-  0  and  th..' 
aii>nrpti,,n   HI  ])er  cent.      It   JMirned  liiiht   red. 

I  lie  white  clay  occiirrinu  und.r  the  Ik  nioiiite  ITTli'. 
lorm-  .1  very  stilT  plastic  iiia-s  .,f  s.iap-like  char.actir  wlii'ii  wet. 
and  cr.ai'ks  hadly  in  air  dryiiiy;.  It,  thiT.'t'nre.  behave-  similarlx 
to  the  li.'iitoiiite. 

'I'll.'  .air  shrinkage  is  hiuh.  viz..  \2  A  i)er  cent,  .ami  ihc^  cl.ay 
is  iKil  ot'  cunitmrci.al  v.alue  tor  th,'  iiiaiiul'.aclurc  of  i-lay  ])roducts. 
It  m.iy  li..  ninarkcd,  however,  th.it  at  cone  .'>  it  l.iiriied  to  a  body 
whose  ahsorpiioiL  WHS  .')•",»  per  cent,  Imt  is  not  fiisi.l  at 
Cone   1,"). 

Ueiitoiiite  has  liceii  us.'d  in  the  nianul'acliire  of  soap,  as  a 
packintc  tor  horses"  lioofs,  ;is  ;i  diluent  for  certain  powerful  driifis 
sold  ill  iiowdereil  form,  .ami  ,as  an  udulterant  of  caji.h.  It  is 
also  -.aid  to  have  been  used  in  I  •■  manufacture  of  antiphlo^is- 
tiue.  ;iiid  rii.ake- :i  Kood  rctanh  r  lor  .aiiii'iit  pl:i-ter-.  It-  .■liief 
usi-  ])erli.ai(s  has  been  for  tillinf;  jiajier. 

Till'  most  .•xteiisivi'  clay  d.'posit  in  the  Nicola  v.alley  is  a 
straiitii-d  surface  cla>'  which  o.aupics  a  tiTrace  found  at  main 
point-  in  the  v.alley.  it  is  .■vidciilly  a  lak.'  d.'posit,  which  was 
Laid  down  in  the  \alley  at  soiiie  former  jxa-iod  when  the  .Irainay..' 
w,is  ,il,-inicteil  by  natural  mean-,  so  that  ,a  lake  of  some  size 
resulted. 

Into  this  lake  ther  -vas  washed  a  ^reat  quantity  of  lini- 
S.aine.l  silly  clay.      1{  ,1  of  the  dam  which  h<  1,1  in  th.^  lake 

wat.'rs  has  allowe,!  th,      -tnam  iKaaipyini;  it-  i)re.-iiit   lev.'l   to 
cut  aw.iy  much  ,if  the  clay  ,le)),,sit. 

'    l^.^  fill-Ill. T  inf..rinHli.i,i  ,,n   i!:i,   i^, f  ,.|.,v   ^,.,.    i{„.,^   Cliv,.    , ),  ,-urr.-Mr,.v 

1  r..]i,-ni. -.  ,uii|  I  s,«,  L>n,l  l:,l,.\\i|,%  ,\  -,,„,    \,.,j  -...ri^ 
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Sliiir  cif  hik.  I  Im.v  in  Nimln  \nili\.  h,  twnTi  Mcrriit  iin<i  N'i'c.hi. 
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.      " l'XI>H-un,„t,|„   ,l,,v  ■,r.   u,  l„   ,..,,,  i„   ,i„,  |„,,i^,.  ,,„ 

thr  .uutlavrM.in  .-.lu,  ,r  ,1,.  ,,,un  ,,,  M.,,T.it:  mN,,  ,„,r.i„..,M  ,„ 
M.rntt  ,„,  ,1,..  r„.„|  ,„  v„.„i,.:  ,„  „..,  ..-.k,^.,  ,.,„  „...,;.  ,,^, 
l'i'''..i,.,  \alr  <u|||..ry,  ;„„1  ,,1  Mv-ral  i,u.Mt>  ..,|,,„i:  th,  «„«..„ 
rn.Mlir.,,,.  Mririit  t„  Ni,„|:M  I'lat-,  \.\\||  ,,„|  \\\li|,. 

A-   Ii,i-   rh.y    i,   un,l„„l,t.,llv  nf  ,,,,1,..  .,.,.|„„„„.   „„,M,rtMM,-.. 

u  s;,n,|,|,.  ,,t   ,t   (177(1,   ^,,,  ,,„,,  j  ,„  „,„,,,  ,|,,.,.|      .,,,^^  ^^    ^^^^^ 

■^'"'","'  "  '"  •"'  ■■'  -'■•.■'r.-M>  .•l.-n  n.niainnm  o,-,-..,-!,,,,:,! 
Miiall  M.al.s  of  >:y|,s,„n  ami  nuirl,  finr  >;,-•  |,  u„rk..l  U).  with 
•2U  i-ir  r.nt  „1  uat.T  t„  a  rna>s  „i  ,a,  ,  n.,„  pla-ti.atv,  wl,n>.. 
av.TaK..  air  >l,nMkaR.'  wa-  100  p.T  ,  ,  nt,  a>„l  w|,om.  t.nMl.- 
stnnuti,  w|„  „  air  -Iri..,!  was  JP.'  |M.un.l>  prr  Mpiarr  i,„l,  Mull, 
of  llu's..  arc  hi^rl,.  aiul  „„  a.T„mit  ,.f  tl,r  hijrj,  air  >hrinkau.' 
the  .•lay  -houM  |„.  mixr.l  witl.  >aiHl.  •  i„  a.l.liti..ii  cf  •_':,  ,„.r 
iviit  ol  tills  rc.lii.v,!  thr  air  shriiikaKr  to  S-.')  p.  r  cent. 

Tw.)  Int.s  w.T.'  \M't-iiimil.|...-  an.l  t.-t.,l  in  il.r  lir.-.  Tl,,. 
r.s.ilts  .,1'  thi^  aiv  Kiv.n  IhIow,  A  h.in-  tl,r  .lav  aim,,.,  an.l  li 
till'  clay  with  2.')  per  cent  saiul. 
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A  ilry-urrss  hrickict  i.t'  the  ~trai._'ht   day  -;ivc  an  rwllrnl 

hard  hrick  ul  ml  c,,i,,ur  at  ,; (i:,,  wj,,.-,.  ai».)rpti..n  \va-    !u;{ 

))cr  cent  and  \vh(i-e  lire  shrinkaiie  was  »;■,■)  per  cent. 

The  elay  is  very  -nioi.tii  and  (lows  throii,s:li  an  annular  die. 
If  the  clay  .iluiie  was  treated  in  tin.-  manner  it  slmwed  a  tendency 
to  tear  slif;htly  ill  is.MiiiiK  fnnii  the  die,  l,nt  a  inixtnre  <,f  the  day 
and  2.j  jmt  cent  nf  sand  did  iitit  ;;ive  thi-  tn.iiMe.  The  day 
slunild  Work  tor  coiniiion  and  dry-pre-.  red  hriek.  and  drain  tile. 
but  fiomc  su;id  must  he  ailded  to  it. 


CHAPTER   VI. 
Pacific  Coast  Region. 

Vlnnhnnt,  li.C.lu  (Mir  n]>.,rt  (,f  last  year  wv  ,liscussc,l  at 
some  Ici^rth  tl„.  iinporlaiit  scri.s  ..f  shale  iU^oAt^  fuuiui  in 
Sumas  iiKniiitaiii,  near  C'laylmrn. 

At  that  tiiiK.  the  ('layl)urn  ( •<iiiii)aiiy  was  workiiiK  a  fire- 
clay (lejx.sit  at  tlu'  end  of  its  narrow-nauKc  railway,  hut  usiii^ 
tlie  mixture  of  day  alnn-e  and  helow  tlie  coal  i)arting. 

Since  then  the  niininn  ()))<'rati<.n.s  have  been  restricted 
chiefly  t<.  th.-  clay  underlyinR  this  coal  partiiifr,  aiul  a  saini)le  of 
this  was  fried  in  the  laboratory. 

Th..  mat. .rial  (ITS!))  is  a  hard  .lark-frn.y  day,  whi..h 
\vork.d  uj)  with  1.-,  l)..r....ntofwat..rl.)aniass..f..nlyni„il,.rate 
phisticity  wh.ise  av..ra;i..  air  shrinkage  was  ;{  p,  i  c..nt,  an.l 
im.rafre  t.^nsih.  stn-nKth  whenairdri..!  (ir.  ))oun.ls  jn.r  s<iuan.'in..}i. 

Th..  firing  tests  .m  tli.s..  wet-ni.ml.hd  hricks  yi..l.l..d:  - 
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This  .'lay  sliows  l,,w  li--,.  shiiMkag..  an.l  ni.KhTaf..  ahs.irp- 
tion.     It  hums  lo  a  n'o.id  fiiehrick    ho.ly. 

Ass.,cialrd  with  th..  coal  s..ani  is  a  shalv  iiartiiig  .if  soni.'- 
what  fhnly  elay  (ITSS)  whi.-h  i.  te.hjy  plastic,  an.l  hits 
a  1..W  ;iir  shrinkag,.,  viz.,  ;{.,-,  ,„.,■  ,.,.nt,     (hvinfr  i,,  its  relVa..tory 
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character  it  was  not  Inirncl  hil.m-  cm-  1.     Tli,.  finiiii  tests  an-  as 
below: — 
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This  is  a  Rood  khuIc  of  fireclay,  ,!ii,l  could  he  utili/,,!  Ji, 
the  maimfactun'  of  firel)rick,  hut  should  have  a  small  i)roi)ortioii 
of  ])lastic  clay  mixed  witli  it. 

UmhTlyinfr  the  lower  fireclay  is  a  so-called  flnnn-clnn  which 
was  referred  o  in  last  year's  memoir. 

Since  writinp  that  report  a  sami)lo  of  this  clay  was  sround 
to  pas-  through  a  10  mesh  sieve,  and  tlien  jnit  through  a  wasliiuf,' 
process.  Tlii.s  gave  18  per  cent  of  hne  clayey  material,  the 
residue  heing  mostly  rounded  sand  grains  c(,ated  witli  clay  and 
a  fihn  of  liydrous  iron  oxide. 

The  washed  product  was  very  sniootli  anil  })lastic.  and  had 
an  air  slirinkage  of  Go  per  cent.  In  hurning  w<>  got  the  follow- 
ing result.s: — 


fire  sliiinkajri'.  Ali-cirptiim. 
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This  gave  a  nice  smooth  hody.  .and  .-dlhough  not  as  white 
as  a  china-clay,  still  it  could  i)rohahly  he  u<ed  in  a  ])iittery  or 
wall-tile  hody.  The  only  ohjection  to  it  is  the  smill  ijeinntage 
of  waslied  i)niduc'  oi)tained. 

XnnauHd.  Vnnrouvir  I4nnd.—'V\\o  rocks  of  the  upjjer 
Cretaceous  or  Xanaimo  series  as  develoi)ed  around  Xanaimo, 
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(•.insist  <,t  -.1  s.rics  of  connlonicratfs.  stiiilcs,  .■tiid  saii.lstoii.^,  witli 
sdiiic  'iif.TlM.l.lc<l  coal  scams,  the  entire  section  as  worked  out 
liy  Mr.  ('.  II.  ('lai)i)  •"•injj;  jjiven  Ih'Iow. 

'Die  \vli„ie  series  <li])s  gently  to  the  eastward,  with  u  few 
interrupt inj;  fohls  of  subordinate  value. 
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eniti .-( 

H.  ii.s<in  formal  ion lia.-al  contilom.  rat. 

Total 


I 
-'■■)  '  ,50 

.iiKi        sm 


"ill 


(;.">() 


.'00 


3.5 
mo 


0  400  HK) 

,125       9,4IHI  (i,7,So 


-Most  of  tlie  slialc  formations  are  liard  and  grittv,  and  not 
very  im.mising  in  their  appearance,  Lut  in  view  of  th'c  fact  tJiat 


I  i\\    AM)    >||.\|.K    lii;i'ii>i|>,  -,, 

ninny  ..|  th.-m  .  ,;■  w.-li  l,„-;,tr,l  i,„-  «,,rkii,-  ,t  «„.  t!,.,Ui;l,t  1„  m 
t<i;;iv<'-c\(.i-:il  ,,|-  tli.ni  a  ialmraii.rx  i.-t. 

•V.larShal..^.  Tl„..,,  ;,,,.  ,■„„„,  ,„„,,,,,,,, „„^,  „„  ,,^,,  ,,.^^. 
I>aiik  I.I  III,-  Xaiiaimo  nvcr  ah., ill  uiir  mil,,  inn],  it.  111..111I,. 

Tlic  l.aiik.   wiiich   i-  ahont   :>()  f.Mt    lii^l,,   ,|„,w.-   Mui-li-L'n  y 

slialo,   whi,.),   wratl:..-  .lipwii   to  aiimilar   partirlr.,   :„m1   11, ,t    tu  'a 

sott   clay.     Scattcrcl   ,-,,iH-ivtioiis  arr   Inim,!   in   ihr  r,„-k       Tl,,. 

'"••"'■'•'•'I     '-    '■'■'■I'ly     I'l-'i^'i''.    nn,i     l,„ri,-    t,,    a    iv,l    ..ol.,,,,-.       1, 

'■""'''  ""'>  ^"'  '"■"''■  '"'"  ;t  'lry-lTr><  l,M,.kl,t  witli  .■aiv  alMl 
tU:-i(l  at  (■(iiir  I. 

Tl,r  >aiiir  ,-<hal.'  alM,  oiltrrops  on  tl.r  uv>t  >li,,iT  ,,1  tl„.  (  'ana! 
<lc  Maro. 

Tills  niat,.fial  M7,S».  is  very  -ritty,  an,l  rv.n  wlwn  tin,.|v 
KHHUi,!  .lcvci(,i)s  only  tVrhlc  i)iasticity.  lt>  avrfan;,.  air  >l,rink- 
a;:c  was  4  i),T  (viit.  and  it  hiirns  to  a  }..m„1  n,l  ,-,.l,.nr  at  ,■,,,„. 
out.  l.iit  is  altojirtlicr  too  gritty  for  hri.'k  Inakin'^ 


Haslaiii  Shales.      'I'lirs,. 


iiiili'i-op     aloiif;     the    narro\v-K;iiit;c 


ruilway  on  the  JiiU  .aliov  Kxlensii.n.  -I'licv  aiv  .i.ark  fin. - 
Kraiii..,!.  firitty  shal.-,  n,,t  .lifiVrin-  ,nii.-li  in  thVir  ,-hai:.,.trr  iroin 
tlic  ( '('(lar  slialfs, 

.\  sainiilc  ilTSti'  was  te>tf,l  and  found  to  hr  v.rv  I'rrl.ly 
l)lastic  so  that  it  was  w.'t  inotild.'d  with  dilhciiltv.  'it  roiihl 
prohahiy  .,nly  h,.  „.<,■,!  .suc.M.ssfnlly  l,y  Jiavin-  sonie'inor..  j.l.aMi,. 
chiy  adilnl  to  it. 

The  air  sliriidiatii',  as  ini^ht  he  expect,.,!,  was  l,,w.  viz..  f. 
per  cent.  In  burning  the  wet-niuuKied  hricklets  l.ehav..!  as 
t'ollows: — 


(',)n,\ 

Kir.. 

^Iirink 
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.-iiriition. 
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5 

:.  0 

IS 

f 'oIoTjr. 


pMik  n.I 


This  shale  l.nrns  to  a   goo.l   hard   l.ody,  nearly   >tee!   }iard 
cone   ().').  and  gives  a  goiiil  reil  .■.ilmir  at    i-on..  Dllt.      .Vln.ve  this 


so 
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liowivcr,  it  Imcdiius  too  .!(.(■])  ill  colour  tor  ai))).'ar;inc<-.  If  fho 
shalr  Av.Tc  only  more  plastic  it  could  he  rcroinmciui.'d  for  tirc- 
proofiiiK  and  ixrhaps  even  pavinjj  hri.k. 

Tiic  ITaslam  shales  outcrop  also  at  W.liinirton.  M.C.,  and 
it  is  stat.-d  that  th.  y  arc  to  l.c  utilized  f(,r  hrick  and  til.'  manufac- 
tu'-c.  ill  f.i.t  there  were  on  exhihition  in  Xanainio  s,,iiie  hollow 
1  rick  and  stilT-iuud  hrick  which  were  said  to  have  l.een  made 
from  these  shales  alone. 

A  s;,ini)h.  of  this  >hale  i  17.S(»)  was  tried  t>y  us  in  the  lal.ora- 


tor\ . 


\\e  found  that  it  was  feebly  plastic  if  finely  );r..Ulid.  hut 
even  so  dilliciilty  was  exiierienced  in  wct-niouldiiiK  it.  I'erliajjs 
jtrindinjr  in  a  wet  i)aii  ininht  improve  it.  The  avcra^f^  air 
shriiikaije  was  .")  per  cent. 

Tlie  wet-moulded  hricklets  heliaved  as  follows  in  linrniiiK:  — 


lire  >liriiik:ii;c.  Ali-urpticn. 
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r„l,mr. 


It  is  unfortunate  thai  this  shale  is  not  more  i)lastic  for  it 
rouhl  undouhtedly  l,c  unmI  for  making  luick  ami  fircproofiufr. 
The  addition  of  some  red-hurninp;  surface  cl.iy  would  v.istly 
improve  it.  A  dry-press  hiickht  hwriicd  at  cone  O.".  fi,ive  a 
good  hard  n  d  Ixidy,  with  ;5  \ur  cent  fire  si  linkaKc,  and  4  ■  t  per 
Cent  ahsorption. 

Northumherland  Sh.iles.  ,\  small  sami)le  of  this  formaticm 
was  collected  from  the  (mtcroi)  on  Descanso  hay  (Plate  XXXVI), 
on  the  northwest  end  of  ( ;;il)riola 'sland. 

The  shales  liere  rejiresint  the  more  .shaly  part  of  the  Xorth- 
umberland  formation,  and  consist  of  altermiting  beds  of  gritty 
shah's  and  sandstone,  the  layi^rs  of  the  latter  being  2  to  12 
inches  thick. 


I'l   -:i      \  \  \\  I 


f  r-.,    vpTi 


•  I.AV     \\|)    >||AI.K    [)KI'u-.ll>. 


HI 


11...  shah-  |,asM..>  int.,  .■..nKluni.rat..    uu  ll,,-  strike  .•m,l  i,  ,,t 
tl-  sa.M,.  tonnati.,..  a-  tl,.  shal.  .  u„.,.r.-,,p,„«  ,.„  Mav  „.  i-l..,„.| 
A  >:u„pl..  „i  ,1,,.  .1,.,!,.  il7,>7,  „.m.m1  uav,.  tl,..  i„il„w,„t;  n- 


SUlt 


It  is  a  liar.l  gny  >hal.'.  whi..h  wl„  !.  mix.,!  with  i.'o  ,,..r  ,...nt 
w.t.r  Kav..  a  n.as>  „f  l„w  ,,la.ti,i,y.  |,  wa.  ,„.,r..  ,,ia,,i.. 
iM.w.v.T.  tl,an  1770,  17,S0.  lN7,,ur  17s.-.,  wlnrl,  ...r.  ,h,.  ,„1,..; 
^Iial.s  ut  tins  r,KioM.      Its  av.raK..  ..ir  >hn„kaK..  wa.  t  p-r  .■.  ut. 

The    W.t-IMmi!,lr.l    hricki.ts    Urrr    firr.1    witi,    th,     lull„wi„ir 

ri'Mills:    -  *• 


COIH'. 
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Dark  p.) 

riiis  vliajp  i,uni>  t(.  a  p.cl  ,ol,mr  at  Im.iIi  !)!()  aii.l  O"    and  i^ 
lu-arly  st....l  l,ar,l  at  tl„.  latter  .•„„.■.      Its  >l„i„kaK..  is  not   l,i«l, 
an.l  n...tlM  -  is  th,.  ah>„r,,ti„„.     Th..  ..lay  if  .n.un.l  in  a  uH  ,.au 
nii};lit      .  plastic  <-n.Minli  t,,  l|,,\v  thn.u^rh  a  ,|i,.. 


Su,,,msh.   ],uu;,nnr  fs!„ml.     During  tin.  autunin  of  l!tll 
Mr    C.  II.  Clap,,  vi>it,,l  th..  roal  .listrict  of  Su.,uas',,  an.l  s-nt 
us  from  th..r..  two  sauii.i.s  of  Tertiary  shal...  which  ...r..  ..o„si,h.r- 
ably  nior..  plastic  tlian  anythinR  w,.  hav  s(.cn  from  \ancouv,r 
isl:  nd. 

The  superiority  of  thes..  shal..,  ovr  those  „f  Vanairn,, 
iit  least  as  tar  as  their  plasticity  an.l  snu,.,thn.ss  w.r..  coiicrn-.l 
inii)resse(l  Itself  .in  .Mr.  Clapp  in  the  field. 

On.,  of  the  san.ph.s  .s,.nt  us  was  a  .lark  kiw.  hard  lainhiate,! 
shah.,  cntamuiK  -i  v,.ry  .  lisht  ani.Hint  „i  .-alcareous  matter 
and  .some  films  of  carbonacous  mat.rial. 

It  worked  U))  with  ;3I  p..r  cnt  ..f  wat.r  t..  a  fairlv  plasti.. 
ina.ss,hut  no  wet-m<nil.l..d  brickl..ts  of  it  were  burn.-.l  as  it  >h..w...l 
a  .l.'ci.h.d  T..nil..n..y  to  crack  in  drvinj;. 
:{r).")31— ti 
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The  iivcniKf  ti'ii>ilc  strciiKtli  was  Kl.H  pounds  per  s<pi;ir('  inch. 

A  (Iry-prrss  hrirkh't  luirniMl  at  ((iiic  ((.")  was  red  in  colnur, 
nearly  steel  liani,  ;inil  liad  a  ino.lerate  absorption  of  IHtH) 
JHT    cent. 

The  (lay  eoulil  |)ro|p;ilily  lie  used  tor  dry-press  lirii'k.  It 
fuses  at  eone  H. 

The  seeond  sample  Was  a  lijiht  (trey,  non-ealeareous  clay, 
with  scattered  mica  scales. 

It  workeil  up  to  a  rather  pl.istic  m.as-.  hut  took  a  larjje 
anuiunt  of  water,  viz.,  U)  per  cmt. 

Tlie  .ivcratie  tensile  strength  was  <t,")  l)ounds  per  S(|U.ire 
inch,  and  the  average  air  shrinkage  wa>  very  iiinh,  viz.,  14  jier 
cent.  It  also  had  the  fault  of  crackinc  when  dried  fast.  How- 
ever, so:  ..  wet-moulded  hricklet-.  were  made  of  it,  and  hurneti 
at  cones  01(1,  ((,'),  and  (»;{. 

The  fire  shrinkage  at  all  these  cones  Was  close  to  7  per  cent, 
and  the  absorption  h-,")  per  cent. 

The  clay  IiuhiimI  to  a  linht  l>ulT.      It  fu~ed  at  coni'  2. 

.\  dry-press  hricklet  hunied  at  cone  (I,')  was  harely  steel 
hard,  pinkish  l.ulT  in  colour,  and  had  an  ahsorjjtioii  of  12- 10  per 
cent.  , 

It  can  hardly  lie  recommended  ;>s  u  ■■  sirahle  (1,:^  to  work 
alone. 

.\  mixture  of  e(iual  p;irts  of  the  two  ."siuiuash  clays  was 
next  tried.  This  gave  a  smooth  plastic  mass  with  :{.">  per  cent 
of  w.'iter,  hut  it  also  showid  a  tendency  to  crack  in  dryiiuj;. 

.\  dry-i)ress  hrick  of  the  mixture  luirned  to  a  light  red 
colour,  witli  IS   12  ])er  cent  ahsoriition  at  cone  ().'). 

The  ohjcctions  then  to  the  samjjles  sent  in  are:  (1)  high 
percentage  of  water  recpiired  for  mixing;  (2)  high  air  shrinkage; 
{'■U    tendency  to  crack  in  drying. 

(»n  the  otlier  liand  it  must  he  stated  that  they  represent  the 
smoothest  and  most  i)lastic  shales  wliich  we  have  .seen  from 
\ancouver  island,  and  it  is  iiossihle  tliat  a  hetter  mixture  could 
be  ohtuined  from  tliis  locality. 


CHAPTER    VII. 
Experiments  in  Preheatinft  Clays. 

■I-  KKf:i.K. 

Am,.,m  12(1  snai-l,..  uf  rhiy,  ni„i  <U■^U.  .nlNvtr,!  |,unm  il„. 
s.Msons  ul  liMo-ll  ,M  th..  Cr.al  I'ImIm.  ni:,,,,,.  -s  „t  ,1,,,,.  „r 
:'l'"Ut  2:i  ,„.,■  ,.„nf  cTarkr,!  ,„  ,,„•  ,lr\  in;;  .,11,  r  |„,mu  ,,m,uI,1,.,1, 

Thr>r    ,l,.t..,.tiv..     ,lMys     ,„.,.ur     pri.HM|,:,llv    in    tl,.    H.llv 

l{iv..r  -Au.l  Ivlni.mton  fonn;.ti,mv  an.l  in  tl„.  u|.,m  .•  |,.,ri  „1  tUv 

<   rHMn..,u>.  I,ut   M,M„.  „f  tlu.  l.:nia,:w  rhy.  |,,,v  th,.  -an,,  laulf. 

Thrsr  day.,  an^  frc.|U,ntly  louiul  ifi  Lcalilir.  wll  Mtiiat,,! 

for  tran>,,„rtation,  tl,..y  a.v  .aMly   wurk..!,  au,l  u.Tur  ,n   ^,■..at 

■''"""':""•"■•    ''"'"■>  """I'l-  tl,r,vf,„v,  1 l«,vat  ,r,,Mo,M„.  iniport- 

^""•''  It  thry  n,ul,|  1„.  ul,li/..,l.  a,  many  of  tli.n.  will  n,ak.  lin - 

'" "">■'•  •""'  """"•  'V'  M  .an.  w..  iHlirvr.  !,..  tnanufarlun.l  int,. 

M'W..,-pi,M.  il  tl„.ir  t<n,|,  n.y  I,.  ,,a.'k   wl.il..  , Irving  .an  !,.■  nv.i-- 
(•nine. 

S.v.ral  |„.,i,  of  ,!„.<,.  ..|ay,  an.l  ,l,al..>  ,.oui.l  1„.  n.auu- 
fM,-tnn.,|  n,t„  la.-in^  l,ri..k-,  l,y  tl„.  .Iry-pr,.,  ,n..th.Ml.  l,ut  it  „ 
>in|'o>Ml,]..  to  iiM.  .!.,.,„  lor  t!„.  many  iinp.,rtant  Mni.-tural  wan- 
whici,  nivohv  til,.  ,1-,.  ,,f  thr  w..t-ni..iil.i.Ml  pnin.^s,-,. 

Darin-  tl,..  J,r.,^r,,^s  ,,r  th..  lalM,fat,.rv  work  ..n  thr  -atnpl,  , 
«>f  fl,..M.  days  ,.oil,.,.t,.,l  in  th.-  ti.-M.  th,-  writ.r  was  .■oniron„.,| 
with  th,-  .hfh.'ulty  n<  pr.parinu  t.-t   pi,,-.s  tV.m.  th.-tn  tor  thr 
piirp,,s,'   „f   .)l,s..rvinn   th.ir   l..-havi,)ur    un.lcr   fiiv.     Th,-   .■lay> 
Ml>sorh,Mi  a  KH-at  .{.■a!  of  wat.r  in  t.-nipi-rinn,  aft.'rwar.k  lorinu'isr 
a  stiti  pasty  mass  whi,-h  wa-  t.>u-h  an,l  sti.-kv  an.l  har.l  to  work- 
SlK.rtly    aft.-r    l..-i„n    >,■!    to    ,iry    th,-  m,,:ii,|..,|  shap.-,  ,-ra.-k.-,l 
•  •veil  small  t,-st  pi,..-,.s  si.litfins  i.a.lly  in  th.-  or.linarv  ialM,ral,,ry 
t.-m[.,-ratnr.-.     Th.-  surfa.-.-  .,r  a  lull-si/,,!   I,ri,-k  r.-a'.lilv   h.-.-am'.- 
<iry,  an.l  .l.-v.-l,.p,.,l  a  p.-rf.-.-t  m-twork  .,f  .-ra.-ks  whi.-h ',|,.,-p,-,„-,l 
ami   wi,l,-m-,l  as  .Irying  prosin-sM-.l.   whil,-   th.-  insi,!,-  r.-main.-,l 
moist   f.,r  s.-v.-rai   .lays.     Th.-   n-,-  u(  suh.tam-.-,   whi.-h    w„ul,i 
i-..agiilat.-  th.-  clay  was  tri.-.l  t,.  .-iir.-  this  .-ra.-kin-.  h.-inji  .....ntul 
:io.")31— ;ij  s:i 
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to  use  iiuitcrials  whicli  were  dicap  aiul  readily  availalilc  so 
that  if  the  rciucily  were  s\icc('ssful  it  could  Ix'  used  on  a  conuiitT- 
cial  scale.  Of  the  various  acids  and  alkalis  tried,  common  salt 
to  the  amount  of  1  jxt  cent  a<ld('d  to  tlie  clay  seemed  to  ^ive 
the  hest  results.  Tlie  salt  kejit  the  surfac  of  the  hricklets 
moist  wliile  tlie  water  was  working  its  way  out  of  the  hody. 

Full-sized  bricks  made  from  s(mie  clays  thus  treated  would 
dry  safely  in  the  ordimiry  room  temiierature,  but  numy  clays 
would  not,  and  few  of  the  salte<l  clays  would  .stand  even  moder- 
ately fast  drying. 

Furthermore  the  stickiness  and  soap-like  qualities  (if  the 
clays  were  not  ameliorated  to  any  ai)preciable  extent  by  the 
mi.xture. 

The  next  method  which  suggested  itself  was  the  use  of 
non-i)lastic  materials  like  sand  or  grog,  lliver  sand,  ground 
(luartz,  and  calcined  clay  were  successively  used.  These 
were  added  to  the  clays  in  varying  amounts  up  to  ,")()  per  cent. 

The  mixtures  with  sand  failed  in  every  respect,  and  although 
the  grogged  clay  could  he  safely  dried  in  some  instances,  and 
burned  to  a  good  body,  the  bad-working  (lualities  (if  the  raw 
clay  were  still  in  evidence. 

Professor  Orton,'  wlio  was  experimenting  on  some  clays  of 
the  Kdnumton  series  at  the  same  time  as  the  writer,  was  unsuc- 
cessful in  overcoming  their  drying  (U'fects  by  the  use  of  either 
chemical  e.iagulants,  or  additions  of  non-j*lastic  materials. 

There  remained  then  the  method  ih'srribed  by  Professor 
A.  W  Hleininger  for  treating  clays  that  cracked  in  drying, 
by  i)reheaiiiig  them  at  various  temperatures. 

Preheating  experiment^  were  done  on  sev(>ral  nf  our  clays, 
and  the  results  arrived  at  seem  to  prove  that  this  is  the  best 
method  so  f;ir,  f(ir  dealing  with  the  difiiculty. 

The  data  for  six  samples  of  clay  from  localities  widely 
ajiart  are  here  given.  Clays  of  these  tyjjcs  aiay  be  exi)ected 
to  recur  frequently  in  other  localities  throughout  the  region 
we  are  d<>aling  with.     Numbers    Kill   and    17.").")  are   t;sed   for 


'Kihv.irii  (IrloM.   .Jr.,    I  ,\prMriicnt< 
Trrirw.  Am.  < ',  r.  S.ir.,  Wil,  Mil, 


li"   ilr.vin.;   of   I  riiaiii  TiTtiary    rla}> 
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iiuikiii!;  (Iry-prcsscd   bricks.    l)iit    flic    otlicr  samnlvs  arc   from 

UIllIMll  ll())(     't<. 

I''  '  i':ii:.  '/i-ix  ina^sivc  day,  niidcrh  iiiir  a  liffiiitc  sraiii, 
Kstcva  ;,  S,',-.k. 

IT   ').    ..'.'ihi  irrcy  i-'iissivc  clay.  Ciilcridiri',  .\li:i. 

17i.'  ! )  I'K  'rry  soft  slialc.  uinlt'rl\iiiji  a  li;j:iiit('  scam, 
Toficld.  Alta, 

l()7.j,  Liclit  jrrry  l,;ird  slialc,  ovcrlyiiifj;  co.d  scam,  ttl.l- 
iiiaii  river,  Alta. 

1800.  Soft  olive  shale,  Ciwynuc.  .Vita. 

17!)().  Siift  shales  iiitcrhcddcd  with  streaks  of  sand, 
{'ainrose.  .\lta. 

The  chiNs  were  heated  in  a  small  rotar\-  drum,  made  of 
sheet  iron,  an-l  havinj;  halflcs  i)ro.jceliiif;  from  the  inside  to  kccj) 
tlie  clay  well  stirred  up  and  evenl>-  iieated. 

A  stationary  sheet  iron  hood  enveloped  the  drum  exec])! 
where  openings  were  left  for  the  pis  ll.ames  t..  enter.  The  drum, 
■vvliieh  was  revolved  hy  hand,  was  provideil  with  a  hollow  a\!c, 
throufili  which  a  pyrometer  tulie  was  in-ciird.  About  one-half 
to  three-fourths  (jf  an  hour  was  frenerally  taken  to  brinfi  the  clay 
to  the  re(iuired  temiieralure,  the  latter  beinti  easily  keiit  constant 
during;  the  time  allotted  for  treatment. 

The  IcnKtli  of  time  allowed  ;it  each  tem])eratiire  was  1  .". 
minutes,  each  clay  beinK  kept  for  this  jjeriod  at  successively 
lugher  temi)eratiires  until  it  yi-'hh'd  to  the  treatment.  Other 
trials  were  made  of  ;50  minutes  duration  at  certain  teminraturcs, 
to  slunv  the  effect  of  time. 

The  Latter  results  show  that  it  is  ))ossiblc  to  obt.ain  et'fccts 
at  lower  temi)eratures  with  increased  time,  simil.ar  to  those 
given  in  the  shorter  time  at  higher  temi)eratures,  but  this  appears 
to  be  true  only  witliin  certain  limits,  as  Professor  Ortou's  ex])eri- 
ments  show  that  some  of  these  clays  were  not  improved  by 
exposure  for  \\  hours  to  a  temperature  of  lOO"  (.'.  Steam  was 
given  off  freely  from  the  heated  clay  at  all  temi)eratures  up  to 
oOO'M".  The  fumes  evolved  at  higher  teiui)eratures  sinelled 
strongly  of  sulphur  and  hydrocarbons,  wliich  was  probably  due  to 
the  dissociation  of  particlivs  of  pyrite  and  driving  olT  of  bitumin- 
ous matter. 
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When  tlic  hcMliiifi  was  (•(imi)l.'tc(l  all  tli.'  days  ('xcci)t  Xo  '> 
wnv  11111,1,  ,lark(T  in  coliMir.  than  in  the  raw  state,  hciiiK  dark 
grey  to  almost  Mack. 
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^'"•:  iw  r.   4:,<r,-.   .-,mrc.    ,-,,Krc.     rare,     -.m- (■ 

l-<i,i,n.     I.,  ,1,111.     i:,  i„i,i.    .lOniin.       15  „,in.      M  ,nin. 
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(  lay   No.    17.-).-)  yicl.l,.,!   at    a  roinpar.itivelv  low  .lefirei'  of 

K-it    trcaliiient.    iirohahly    duo    to    its    containinir    a  niativelv 

larse  amount  of  nrains  Jarjirr  than  clay  substaiuv  than  .,n'v 
other  ot   the  samples  tested. 

The  t.^na-ity  with  which  clav  No.  17tM  clings  to  it- 
phislicity  under  the  acti,m  of  heat  is  ivniarkahle,  as  that  i.ro'- 
perty  was  not  aftVcted  to  any  great  extent  .'veii  at  the  highest 
liiHits  of  the  experim..nt.      It  would  no  .loul.t  .succumb  t,)  a  more 

'"■ "^'■''  '•^■•IX'^i're  at   ,-..^()-\  or  it  might  he  successfullv  treated 

at  mf  lor  Hiteen  niinut,'s.  The  latter  was  not  tried,  h,.w<.ver, 
as  It  IS  iM.ssihle  that  the  .niiount  of  i)reliniinarv  heating  that 
could  he  economically  a])i)lied  to  tliis  or  similar  <'iavs  in  jiracticc 
was  already  exceeded. 

The  result.-  given  by  .samjile  Ki?.-)  show  the  slight  margin  in 
time  that  exists  hetwven  the  i)roper  and  unsuccessful  handliiiR 
of  some  chn-s. 
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After  the  Mt  iiiiinitc  trcatiiniit  at  .'i.'iO'  ihi-  clay  was 
sandy  in  trxturc  and  could  not  lie  inmildcd  into  >hai)c.  while 
;iftcr  the  1.")  niinnte  treatment  its  ilet'ectivi^  (|ualitii-  were  (juite 
nniinpaired. 

Tlic  ])recise  time  tlien  f(ir  the  i  lay  at  this  t(  niperaiuri' 
appears  to  he  either  'JO  or  2'>  miiin.es.  hut,  a-  will  he  explained 
later,  the  'M)  mimite  treatment  wa-^  not  fatal. 

The  results  of  pri'vious  e\peri<'nce  without  .any  spicial 
apparatus,  showed  that  the  class  wo\ild  re(|uire  a  iii^h  decree 
ol  heat  treatment,  hut  to  avoid  mistakes  all  the  clays  were  heated 
to  15. )()'('.:  however,  since  no  eh.amie  occurred  ill  an\  ~,ample  at 
this  temi)erature  it   i-  uimec-^ary  to  inelud''  it   in  the  lalile. 

The  test  i)ieees  made  up  for  the  ihyiiii:  tot-  were  2\  inch 
(aihes.  as  there  was  not  a  sufficient  (|Uanlity  of  the  \ariou~  cl,a\s 
in  stock  to  make  full->ized  hrick^.  The  (aihe.  however.  ha~  a 
.ureater  volume  for  the  amount  of  surface  than  any  of  the  hrick 
shapes. 

'llii'  driers  usc'il  in  the  e\|)erimenl  con.-i-teil  of  >nrill  chain- 
hers  att.ached  to  the  >team  hcatinj;  apparatu>  of  the  huildinjj;. 
The  maximum  temperature  that  could  he  olitained  in  this  w.ay 
was  ahoul  (i.')''! '..  the  pieces  hcini:  dried  in  from  21  to  :i(i  hour-. 
Altl"  l.aster  driers   are   u-ed   for  some   ela\s   in   practice,    it 

wa  '   that    if    the  clay>  can     he  worked   and   afterwards 

'li'ie.  al    the  al>o\c  temperature,   that    Ilii'  ohieci    of  thi' 

e.\])er..iients  had   heeii   attained. 

The  iireheatinc  can-es  marked  chaajres  in  the  char.acier 
of  the  cla>'.  the  mo-t  important  for  practical  i)iirpose>  liein;^  the 
chanjie  from  a  touii'  sticky  ma<s,  havinfi  undue  >hrinkatre 
and  alinoimal  ci-ackinu;  in  drying,  to  an  oi)en  f;ran\il,ar  hod\ 
which  cati  lie  (jasily  worked  and  rapidly  dried. 

The  (jfeheated  cla>'s  re([uire  consider. dil\  le>s  water 
for  mixin.L'     '  -'ii   the  raw  cla>s.  eonser[uently   the  air  --hrinkage 
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in   Dm.  ,.l.ys  tln>.  tr,..ttnl   is  ^^rriitly  n.lu.-r.l  us  .lunvn  in  tho 
tollowmjr  talilc. 
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AnotluT  stnk.n-  .-uIv.-mt.Hfro  gain..,I  i„  i.n.licatiiifr  is  «,,.], 
wlu-n  buminK  tl...  test  pu^vs.  Tlios.  rlnys  wl.ich  w.t,.  suLicrt 
o  hiariv  .•urn.K  and  swllinR  w.t..  cinijluclv  eur..(l  „f  this 
tn.uhi,.  i,y  til..  ,.r..h..atinfr  trcatm.^nt.  Tlus  is  pn.l.ablv  <lu,.  to 
tlH.  ..lianK..  m  trxtur..  ^v)li,.l,  tl„.  Hay  un.l<.,g,M.s  uh..n  ,,r..lH.at..d 
KivinK  a  >n,.r,.  „p,.„  body  fn„>,  whid,  the  Rases  ovolvcl  in  burninK 
can  ..s,.ai,..  frciy,  and  ais,.  t<.  the  .Iriving  „tT  of  Mnm-  of  tl,.. 
carb(mac...,us  and  siilplmroiis  foniponc.nts. 

Til..  ..llVcts  obtain...!  by  i)r..lH.atinK  to  tli..  ab.>v,.  t..nip(.r- 
.r..s  ar.>  not  i)..nnan..nt. 

Th..  plasticity  .,f  tl,,.  days  Xos.  1075  and  1800,  apiun-ntlv 
<U.str..y..,l  .Jnr.nK  tl,..  ,..,„rs,.  of  the  (.xporinu.nts,  was  r,.stor..d 
again  by  allowing  tlios..  days  to  n-main  in  an  ..xcss  ..f  wat..r 
for  24  hours.  Suflici<.nt  water  was  then  evaporat,..!,  so  that 
the  cay  coui.l  1...  reino.dde.l,  an.l  set  to  <lrv.  Xo.  iGTo  wonid 
still  stand  fast  drying,  but  No.  0  cracked  both  in  the  fast 
and  slow  drier. 

Again,  wh<.n  the  cub(^s  made  from  X.).  0  V(.re  ,lri.>.l  r<- 
ground,  an.l  wette.l  f.,r  the  third  tim..  it  was  found  that  this 'day 
had  r..ga,n...l  all  its  pri.stine  plasticity  an.l  stickiness,  and  small 
brickh.ts  tn.n  made  from  it  craek..d  while  air  d  ving  at  room 
temperatur..  .juit..  as  badly  as  th<.  raw  day  did 
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Ill  thr  talilc  Kivcn  aliuvr  will  !„■  f.niii.l  aiialy.^rs  of  .-•■viral 
(if  the  clays  dcscrihi'd  in  this  chapicr.  'I'hcv  wcrr  aU"  \>y 
(i.  K.  l\  Luiiiiiil. 

Thctrrcairriiart  (if  thcsf  days  is  made  nj)  iif  (luarlz  oTaiiis 
of  varviiindi'iirccsiif  fiiirnc.ss.  as  many  clays  arc,  and  the  clicm- 
cul    analysis  furnished  no  clue  to  their  cr.-atic  liehavioiir. 

Ahotit  '.'()  feet  helow  the  lieds  from  which  sample  \o.  ITOti 
was  taken  a  seam  of  ahout  2  feet  in  thickness  of  the  clay 
known  MS  hdiliinitr  occurs.  This  variety  of  clay  is  of  yellow 
colour  when  fresh  from  the  hank,  liut  assumes  a  dirtv  white 
colour  on  exiMisure.  It  is  tine  in  texture,  excecdinjriy  Miiootli, 
and  forms  ;i  very  soft  soapy  mass  when  mixed  with  an  excess 
of  water.  It  lias  an  extraordin.ary  cajiacity  for  absorhiiiK  mois- 
ture, heins  cai)alile  of  takiiif-  up  three  times  its  weight  in  water. 

The  clay  possesses  marked  deterKcnt  jiroiierties,  ;iud  was 
used  in  the  early  days  of  the  Xorth  West  liy  Indians  and  llud.son's 
Bay  Co.  employees  as  a  sulistitute  for  soap. 

This  material  was  rejected  as  unlit  for  any  liurned  clay 
wares,  hut  an  attcmjit  was  made  to  dry  some  hricklets  made 
from  it,  in  a  moist  atmosphere.     After  three  weeks  of  gradual 
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(Iryiiij;  the  l)ri(klcts  showed  al)ii()rm:il  crackin};  and  very  liich 
shriiikafic  Altlidutili  none  were  observed  on  tl>e  ontcroj), 
i*  is  possible  that  some  thin  streaks  of  I.entonite  we.c  inchi(h'd 
in  tlie  iieds  saini)led  for  number  IMIO.  Certain  of  the  sand 
beds  of  th<'  vicinity  were  found  to  jxissess  i)l;i>tieity  and  some 
(h'ei(h'diy  silty  beds  will  crack  in  slow  drying. 

As  a'  fioixl  deal  of  the  material  which  composes  tliesc  beds 
is  derived  from  the  erosion  of  tlie  lower  Cretaceous  wliicli 
contains  bcntotiite  be<|s,  it  may  be  assumed  that  this  material, 
beiii^r  part  of  the  |)roduct  of  erosion,  was  re-,lei)osited  and 
distributed  throu};h  many  of  the  later  beds. 

It  occurred  to  the  writer  that  s,,me  simple  scheme  of  wash- 
niK  mifiht  be  adopteil  to  se])arate  out  the  jiasiy  ciin>tituent 
from  these  clays. 

As  an  experiment  one  jxiund  of  jrround  shales  from  sample 
No.  I'iT.j  was  well  stirred  u|)  in  .ibouf  .a  i^:\\\,n\  of  water  and 
.•ilhiw.'d  to  settle  for  two  hours,  the  water  and  suspended  matter 
beinir  then  drawn  off.  This  ojx'ration  was  reix-ated,  and 
the  re.-idue  allowed  lo  dry.  When  the  residue  iiad  <lried. 
it  was  foui-d  to  consist  of  a  badly  cracked  yellow  paste  about 
half  an  incli  in  thickness,  forminc  ;,  ,.i-„^|  ,,„  top  of  dark  {ircy 
sand  and  silt.  The  yellow  paste  had  all  the  apjjearanee  anil 
characteristics  of  bcntonite  or  soap  cla\ . 

Tl.i'  shale  when  dry  was  found  to  have  lost  2.')  jx'r  cent 
of  its  weight.  i)resu!nably  all  of  it  beinji  l)asty  matter  held 
in  suspension  and  drawn  otT  with  the  w.ater. 

The  iilasticity  of  (he  shale  was  nuich  redu(  ed  by  tliewash- 
in.L',  but  it  cracked  alm.tst  as  liadly  as  ever  in  tlie  H.")"  drier. 
It  would  dry  intact  though,  in  room  temiierature. 

That  the  presence  of  beiitonite  is  a  potent  factor  in  i)ro(inc- 
inn  air  cracks,  was  proved  by  the  followinji  exi)eriment.  Ten 
per  cent  of  bcntonite  from  Camrose  was  added  to  a  coarsely 
pround  i)avinf;  brick  shale  from  Klmira.  X.V.  The  cul)e  madi' 
from  this  mixture  cracked  badly  in  the  tj.y  drier.  The  Klmira 
shale  will  stand  fast  dryinj:  at  S.j°  C. 

Between  bentcniite  as  an  extreme  case  and  clay  Xo. 
17').")  as  a  miid  example  we  have  clays  containint;  varying 
amotnits  of  gelatinous  j)aste,  wliich  allows  the  water  to  escape 
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witli  (liHiculty  from  th.-  IxmIv.  and  cau-o  (  ra-kiiiji  wl.ilr  rrtanlinK 
ilryijiL'. 

I'lif  chcliiical  analysis  i,i  licntunitf  i-.r  taM,  >li,,ur,| 
thai  It  jHisscsscd  a  larnf  aiiioMiiI  ci  hydrou-  >il,ca:  \\\:u-\-  pml,- 
ahly  causes  that  sticky  typr  „{  pla-ticity  and  the  tp.iiM.'  in 
dryi'i};. 

rrchcatiiiu:  has  the  cffiTt  <>i  drivlny;  mit  thr  water  Iroin 
tlic  hydrous  silica,  aii.l  causing  the  caking  toncthrr  ol  thi' 
dehydrated  particles,  which  gives  the  -raiiular  texture  >eeii  in 
the  clays  thus  treateil. 

ClayXo.  17(i,-,  was  waslied  in  a  similar  way  to  N<i.  l(i7,->, 
l)Ut  lost  :.-,  percent  of  its  weijiht  and  the  resi,hle  cracked  in 
dryini;. 

The  chemic;d  analysis  made  of  it  shows  only  a  -mall  .•imount 
of  hy.lnnis  silica,  hut  this  clay,  notwithstaiidi.]u-  the  low  .-inHMmt 
of  that  inKredi<.nt,  p,,sM.sse-  ,-,11  the  pa-tin,—  of  hentonit,., 
!ind  its  tendency  t,>  crack  is  almost  as  (.ronouni'id. 

Alar^'e  periMntace  of  this  clay  is  in  a  very  finely  di\  id,  ,|  Male. 
and  much  n<  it  m.ay  \<r  ,'olloi,lal  matPr:  perliaji-  ,.rn:ani,'  .•(.llui,U 
are  also  present,  'rh.n  in  this  c;ise,  i)r,>heatin,!;  to  -utiicieut 
temper.-iture-  has  \\w  ,'ffei-t  ,.f  ilrivin-;  thi'  wat,'r  fnim  the  iidiiii- 
tesnnal  i)ore  s|)aces  iMtween  the  minut,'  tir.-iin-,  :ind  ,h.  I'liiini- 
ically  c,iiid)in,Ml  w;it,'r  iVoiri  the  colloid.-,  ■i'l;,.  minute  p-irti,'l,-> 
when  (lei)riv,'d  of  th,'ir  w.ati'r  .'nv,  l<ipi>  .-ipiirar  to  :,,lh,n'  in 
sutiicient  numlii'rs  to  form  si/aM,'  jii'iins. 

The  siilisi'(|uent  safe  ilrying  afti'r  picheatini:  -eei,.  to 
depend  on  th,'  fact  that  the  water  with  wliich  the  cl.ay  was 
temi)ereil  escapes  liy  ev.-iporati,)n  in  th,'  dri,'rs  iii'lor,-  it  h.'i-  tim,' 
t,)  ))ermeate  thi'  microscopic  jjores  again  and  hydrat,'  th,'  ,-olloi,| 
or  silic'ous  content. 

Clays  which  retain  or  regain  their  plasticity  aftiT  the 
e.vpuision  of  cheniic'illy  comhini'd  water  hav,'  hecu  r,'cor.le,l  at 
various  times, 

H.  H.  Kranmi'  found  th;it  test  jjiecs  mail,'  from  niixtuivs  of 
kaolin  ;ui(l  gyjisum.  kei)t  for  S  liours  at  a  t,nii),'rature  of  7!l(l  =  ( '. 
sla!  ed  (hiwii  in  water,  and  ha.j  lost  little  or  non.'  of  their  original 
plasticity. 


I  Trans.  ,Vin.  Crr.  .s,„..,  \„|.  xni,  p.  C'JS. 
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Most  of  the  chiys  can  lie  iniidc  workable  hy  tlic  i)rcli<;itir.  • 
process  if  coiniiurcial  eoiulitioiis  allow  of  its  use.  This  ])r<)Ce>, 
involves  the  use  of  a  suitahlo  type  of  rotary  kiln,  a  cheap  fuel 
to  supply  the  hifili  temperatures  at  whidi  these  clays  nuist 
he  treated,  a  ]iroi>er  superiutendeiiee  in  controlling  the  i)rocess, 
and  the  cost  of  extra  labour.  The  samples  on  which  tlii'  ex))eri- 
nients  were  made  have  !)een  selected  from  localities  in  which 
either  coal,  lignite,  or  natural  jia.s  is  aliunilant. 

Clay  Xo.  urn  underKoes  a  slight  i)reheating  througli  a 
rotary  drier  in  tlie  brickworks  at  Kstevan.  This  is  done  i)ri- 
niarily  toprejiare  theday  for  dry  im'.ssing  by  getting  rid  of  the 
superfluous  moisture  which  it  contains  in  the  bank,  but  the 
treatmejit  was  also  found  to  stop  mudi  of  the  fire  checking 
to  which  tlie  raw  day  was  liable.  The  losses  from  fire  checking 
are  still  great,  but  a  higher  degree  of  heat  treatment  would 
probably  do  away  with  it  entirely. 

It  is  doubtful  if  the  kind  of  apparatus  in  use  at  Kstevan 
would  give  a  sufhciently  high  temperature  to  drive  otT  combin- 
ed water  and  render  the  clay  fit  for  wet-mouldeil  processes. 
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CHAPTKR    Mil. 

Special  Tests. 

SkWKU   I'll  K  'I"k>is. 

Ill  uiilir  tip  a>rt  itniii  llii'  vahlr  of  till'  \V(  -iciii  -h.iio  for  llii' 
liiainifacturi'  nf  scwir-))!]).'.  miiiiiiIcs  wire  mIicI. d  inr  >|Mci:il 
t(<t>  of  tliosc  -lia'cs  or  clays  wliich  >i(iiii  il  to  ]n-  of  )proiiiisc  for 
l)ilic  iiiaiiufactiirc.  Tlicsc  were  inouldiil  up  ii!  a  \"r\  plastic 
muss  and  then  pressed  out  tlirouuli  :ni  aiiimlar  dii\  )i\\\i\ti  a 
pijie  wliose  oiitsidi'  diameter  was  :{  iuelies.  aiiil  internal  clia- 
meter  -i-.")  inches  (Plate  XXWIIIi.  Only  tlio-e  elavs  were 
used  wliieli  tlowed  smootlily  through  the  die,  and  the-e  \S(  re 
cut  u])  into  (i  inch  lengths. 

After  moulding,  the  pipes  were  dried  and  liurned  to  iiiiie 
010,  after  which  they  were  ]ilac<-d  in  thi'  kiln  of  a  se\ver-iii])e 
Works,  firing  to  cone  4. 

It  was  to  he  expected  tliat  all  of  the  sanijiles  te>ted  miiihl 
not  \ield  the  hest  results,  as  some  would  no  douht  uive  better 
glazes  when  hurned  at  a  siichtly  different  cone. 

'J"he  clay>  u>i  d.  together  with  the  results  ohtained.  Were  as 
follows: 

Xo,  1717.  -  Mixlur:-  of  two  jiarts  I'ierre  sliale  from  \.:.- 
Hiviere.  and  one  i)art   Niohrara  shale  from  I.eary.   Man. 

This  took  a  hriKht  salt  fjlaze,  hut  not  an  exceiilionally 
smooth  one.  Tliis  was  undouhtedly  due  to  the  fact  that 
the  mixture  wa^  not  grounil  line  enough,  and  that  cone  I 
is  a  trifle  too  liijjh  for  these  clays. 

No.  17.")}.  Fireproolini;  clay  from  ( 'ol<ridjie.  Alia.  The 
salt  t-'laze  on  this  was  fail,  hut  the  cla>-  is  hardl>-  hre- 
i-esistiiiji  enough  for  successful  salt  filazin;;.  even  if  its 
other  physical  i)roi)ertics  were  fa\ouraMe  to  its  use  in 
scwer-pi])!'  manufacture. 

Xo.  17()."). — ."^h  lie  friim  Tofield.  Alta..  used  in  the  judijortions 
of  7')  j.er  cent  raw  clay  and  2."i  per  cent  calcined  clay,  plus 
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(■Kol.ocK    \I.    SI  l(\  KV,    (  A\  Kl)\. 

-'  I'lr  .■lilt  salt  fi.  privrril  crackinn  in  air  .IryiiiK.  'I'hi^ 
.It  ((III.'  I  wa-  iiiiK'li  (iv.r(in,l.  aii.l  wc  ,|oul,t  it  it  w.nihl 
staii.l  thr  heat  rfquin.l  for  salt  ^rla/,ill^r.  It  softcii.'d  >u  at 
•  ■one    t,  that   it   was  not   -tiff  .noiinti  to  lioi.l  its  shape. 

No.   17t  ■.•-'.      Ippcr  r  f.Mt  of  shale  from  M,uth  l.ank  of  l.oh- 

slick  river  near  laitwi-tle.  Alta. 
■|  he  salt  KJa/e  on  this  was  po,)r,  and  tlie  clay  itself  i-   hanlly 
refra<tory  enough  for  inakinu  sewer-pip. 

N.i~.  ISO.-,,  IMMI.  an.l  1807.  Mixture  of  e,,iial  p.aN  of  tlu'se 
ti't-ee  .lays,  from  the  Dirt  hilU.  S.i-k. 

I  111-  mixture  hmVi-  exi-eilent  riMlIt-  at  rone  4.  The  liijir- 
was  straight,   iiieely   vitritied,   and   tiie  ylaze  smooth. 

The  mixture  should  unduulitedly  make  a  i;oo.|  sewer-pip... 
riie   uUiil.-ized   pieces  showed   some  soluMe    salts,     hut     not 

eiiouuh  to  intirfere  with  the  salt  ahuv. 
X".   1M7.      Mixture  of  two  part-  of  tup  sh.ale,  ami   1   j.art 

under  ilay  from  Walton's   mini',  .Minto,  N.JV 
Ti  1-   took   a   tiu.nl  xaii    ^rlazc,    tilthounh    coin    4  -leniiMl   a 

little  t.io  hiiih.    .and    hetter    n-ults    would    no    douht    he 

"'''■''"'■'I  :i'  < '■  •<•      <':ire  should    he    taken    to    liillid   this 

shale  line. 

No,  IV21,  Shale  overlyinji  s.and-tone.  ,-it  -Stonehaven.  N.H. 
Like  the  ))recedin;;  this  developed  a  nood  salt  gl.aze  at 
cone  4,  hut  was  a  trifle  overtired.  Cone  I}  W(,uld  he  a 
hi'tter  hurniiiK  tein])er:iture  Mr  it.  The  .■lay  should 
also    I.I'    finelv   liround. 


i{iii)H\(,   Tii.i:  Tksis, 

A  clay  ill  order  to  he  useful  for  roofin^r  tile  sliiaild  conform 
to  cert., in  n'piireme.,ts.  Tin -e  mi-ht  he  enumerated  as  fol- 
lows: (|:Mntahleiilasti.-ity:  ( 2)  m.Mh.rate  0,rinkaK<':  Ci. suf- 
ficient streiiurth:  111  wide  vitrification  ran^e:  i.m  develo))- 
ment  of  jireierahly  a  red  colour  in  hurninn.  which  should  he 
niamtamed  without  .  hanne  over  a  raii-e  of  ..everal  com.s; 
(til  freedom  from  erackiiic  and  !wistiii(r  in  hurninn:  (7}  slow 
and  slight  warp:iKe  if  huriied  unsiipjiorted. 
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It  may  not  he  difTicult  tn  find  .i  clay  wliicli  shows  the  proper 
(Icvclopnicnt  of  sonic  of  tlicsc  proi)crtics,  Imt  inat;ri:ils  whicli 
arc  eminently  dcsirahle  in  all  rcs|)ccts  are  more  diHicnlt  to  obtain. 

In  tlic  mantifacturc  of  fiat  shinjilc  tile  ar.d  normal  Spaiii.-!i 
tile  tlie-c  slal)S  can  be  made  liy  forcing  a  rihbnn  of  clay  tliroujjli 
a  slit  like  die,  and  then  cnttinn  the  lililidn  n|)  into  proi)er 
IcnKtlis. 

More  complicated  shajjcs.  such  as  interlockiiif;  tile,  are  made 
hy  forcing  a  bar  of  cl:iy  throuiih  the  die  of  ,i  -tiff-mud  machine, 
this  bar  beinu;  then  cut  up  into  sl.abs  which  arc  jjivcii  the  |)n)per 
shape  by  rc-jjrcssinn  in  a  pla-iic  or  steel  mould. 

( )ne  of  the  tests  that  may  be  a))i)lied  to  .a  rooliufi-tile  clay 
in  the  laboratory,  is  the  warpafje  test.  This  consists  in  moulding 
the  cl.'iy  or  mixture  of  clays  into  thin  strips  IH  inches  Ions,  1', 
inches  wide,  and   '   inch  thick. 

'i'hese  arc  carefully  dried,  and  then  i)laced  in  the  kiln  ri'-t- 
itiK  on  sharp  cdfied  fireclay  su|)i>orts,  with  a  10  inch  span 
bet\ve<n  the  ed^es   ( i'late   XI,), 

In  <iur  ex)eriments  these  were  burned  at  cones  till),  Ito,  t)."), 
and  1, 

W  ('  ii.\\'('  below  the  names  of  the  cla.>s  tested  and  the  results 
ol)taine(l  in  each  case. 

1)1  the  testin^t  of  roolinn  tiles  it  has  bi^en  advocated  by 
some  that  their  transverse  strength  when  air  dric(l  shouhl  be 
determined,'  but  as  shown  by  otlieis,-  the  trausversi'  streufith 
of  an  air-dried  clay  stands  in  direct  relation  to  its  tensile  -treiifitli, 
consccpiently  it  seems  sufficient  in  docribiiisr  the-<'  te-ts  to  jrivu 
the  latter, 

CI.AYS  TKsrri)  F()I{  UOOl  l\r;  TILK. 

Xiohrard  Slinh  fruiii  I.Kiiif.  Mini.  \\i'iM\).  To  this  was 
added  2.")  per  ciait  of  urofi.  consisting  of  calcined  shale, 
1o  improve  its  workinj;  (piallties.  The  bars  h.id  an  averafje 
air  shrinkat-'e  of  .">"i  jht  cent,  an<l  dried  well  without  warpinj;. 
Tin   averajje  tensile  strength  was  2115  i)ouiuls  per  s(piare  inch. 

'Orion  :iiiil  Worci  ^tcr.  i  ihio  Cc.l.  Surv. 

'Itiir-aiiil  .Mlin,  Tr:!...-    Aim  r,  ('rini.  s,,r  .  v..l    Nil. 
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At  oonc  08  the  fire  shrinkage  was  5-1,  tlic  sas;  ()•;}")  inch, 
and  al>s()rpti()n  12-2  per  rent.  At  com;  Oo  tlic  hrc  shrinkaKt' 
was  C.  i)pr  c(>nt.  the  sag  0-58  inch,  and  absorption  10-2  per 
I'cnt.  At  cone  1  tlie  chiy  liad  sanped  so  as  to  give  a  detiection 
of  3J  inches,  and  is  to  he  regarded  as  over  fired.  T!ie  clay 
is  nearly  steel  hard  at  cone  08. 


Clay  from  Dirt  llilh,  Alhcrla.—This  a  grey  shale  lying  at 
of  section  in  liill  No.  2  (1647). 

The  clay  bars  had  an  average  air  shrinkage  of  7  per  cent, 
an  average  tensile  strength  of  334  pounds  \wt  s<iuare  inch, 
arped  very  slightly  hi  drying. 

At  cone  08  the  fire  shrinkage  was  1  per  cent,  the  sag  was  0-08 
,  and  absorption,  15  •  5  per  c(>nt .  At  cone  05  tlie  fire  shrinkage 
2  per  cent,  the  sag  0-09  inch,  and  absori)tion  14-7  percent, 
■one  1  the  fire  shrinkage  was  8  per  cent,  the  sag  1-37  inch, 
absorption  3-2  jier  cent.  Tlie  clay  burns  light  red  up  to 
05,  but  deepens  consitU'rably  at  cone  1. 


and 
It  w 

inch 
wa.- 
At  c 
and 
cone 


Shnlcfrom  A'/Zya/v/.— (1738).— The  strips  of  this  shale  dried 
perfectly  and  had  au  air  shrinkage  of  4  »er  cent.  Tiie  aver- 
age' tensile  strengtli  was  114  pound<  per  square  inch. 

.\t  cone  08  the  fire  shrinkage  wa.-:  0  per  cent,  the  sag  008 
inch,  and  absorption  22-G  per  cent.  At  cone  05  the  fire  .shrinkage 
was  1  per  cent,  the  sag  0-0!)  incli,  and  absorption  17-3  percent. 
.Vt  cone  1  the  fire  shrinkage  was  ()-5  per  cent,  the  sag  was 
M4  inch,  and  absorption,  7-3  per  cent.  At  cone  3  the  fire 
shrinkage  was  7  per  cent,  tlie  sag  1-.57  inch,  atid  absorption 
'J  I)er  cent.     The  colour  after  burning  was  a  soft  drab. 

Shalr  orer  Coal  nt  Minto,  .V./^—(  1817.) —Tlie  shale  dried 
well  without  warinng.  Its  air  shrinkage  was  3-5  jier  cent, 
and  tensile  .strength  OS  pounds  per  scpiare  inch. 

At  cone  08  the  fire  shrinkage  was  2-5  per  cent,  and  sag, 
0-28  inch,  with  an  absorption  of  (»  ])er  cent.  .\t  cone  05  the  fire 
shrinkage  was  4-5  ixTcent,  and  the  sagOOO  inch,  with  an  absor{)- 
tion  of  0-2  per  cent. 

The  shale  burns  red,  but  the  colour  is  somewhat  dull. 
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Surface  Chin  from  Mvrritt.  H.C.  With  2.')  per  ci'tit  sand 
added  (ITTDa.)  Tlic  luixturc  dr'uMl  without  \v:in>iii«  :uid  liad  nil 
air  shrinkage  of  7o  per  eeiit,  the  teiisih^  streiiiitti  '.leing  ;518 
pounds  i)er  s(i\iare  inch. 

At  cone  08  the  fire  sliriulvayie  \v;is  0  .')  |Mr  cent,  tlie  sag, 
zero,  and  absorption  i:}-2  per  cent.  At  cone  ().'>  the  tire  slirink- 
age  wasO'>.  and  the  sag  still  zero,  with  an  alisorjition  of  V.\-2. 

The  clay  burned  red  but  sliowe<l  a  tend.'ney  to  seuiu, 
although  this  could  be  prevented. 

Mixture  of  .i  I'aria  of  dreij.  Snnihj  Cliri  from  Citniros, .  Alln., 
and  1  I'drt  Shale  from  diriiniw.  .\lta.—i\SH\\.)  This  clay 
showed  a  tendency  U)  buckle  in  drying,  and  its  air  shrinkage 
was  8  per  cent.  The  tensile  strength  of  the  mixture  was  Ititl 
l)ouhds  i)er  scpiare  inch. 

At  cone  ()8  the  tire  slirinkage  was  0  per  cent,  the  >ag  0  13 
inch,  and  ab.sorption  17  per  cent.  At  cone  0.'..  lire  slirinkago 
.still  0  per  cent,  sag  OK)  iiu'h,  and  ab.sori)tion  10"2  per  cent. 

Tlie  clay  burns  to  a  good  red  colour. 

Clan  from  Urickijard  Site.  Tal>er,  .-IZ/.J. -( 1791 1- -This  clay 
dried  without  appreciable  warping  and  had  an  air  slirinkage 
of  8'G  IMT  cent.  Its  average  tensile  strength  was  i:}.")  pounds 
j)er  sfiuare  inch. 

At  cone  08,  the  tire  shrinkage  was  2  per  cent,  the  total 
sag  O-U  inch,  and  absorption  lol  iwr  cent.  At  cone  0.'), 
the  .sag  w;us  0-17  inch,  and  the  absorption  IM  per  cent. 

Lower  Shale.  South  Side  of  Lolistiel:  Hirer.  .\'(ar  KidiriMlc.— 
(17()8)-This  sliale  dried  well  without  wari)ing.  and  had  .an 
air  slirinkage  of  O-O  per  cent.  The  av.Tage  tensile  strength 
was  114  pounds  per  s(iuare  inc!:. 

At  cone  08,  the  shale  had  a  lire  shrinkage  of  2-.')  per  cent, 
atotalsagof  ()■  IS  inch,  and  an  absorption  of  i:{t>  i)ereenl.  .\t 
cone  05  the  hre  shrinkage  was  :',  \wt  cent,  the  total  sag  0  21 
inch.  an<l  absorption  12  per  cent.  At  cone  1,  the  lire  shrinkage 
wa.s  slightly  greater,  being  .">  per  cent,  the  total  sag  2  .").')  nich, 
and  absorption  0  i)er  cent. 
:;,-).-):U— 7 
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<iKr)U),;|(\|,    slliNKV,    < WADA. 


Tl„.  sl.al..  hums  to  ii  liKl,t  n.,1  .-olour  at  tlw  first  tw„  <•„„,.. 
but  IS  nuR-l,  .lark.T  :,t  .•.„„.  I .      It  I,,,,,,,,,,  st..,!  LmhI  at  .■o,,,.  O:,. 

Scurr-p;i„  Shair  Ju,st  „f  Hnrklnirn.  .1/^).  -h  175<))  This 
slii.lc  sh.uNv.l  I...  (iistorticn  in  .Iryi.if:.  an.!  lia.l  an  air  M.rink- 
.'Kc  of  .i  ,„.r  (•••nt  and  tl,..  avran..  tcnsil,.  strn.^th  of  tiO  ..o.m.is 
piT  s(iuari'  incii. 

At  cum.  OS.  it  ha.l  a  fir..  sl,rinka«..  ..f  1  ,„.r  ....nt  th,. 
total  saK  ().(»!•  inrh.  an.l  th,.  ahs.,rpti.,n  12:}  p,.r  ,.,.nt.  At  ,..,n,. 
<».).  Its  f,r..  shrn.kan..  was  l-r,  p.T  ,.,.nt.  t.,tal  sas  O^lfiinch 
='".1  al.s„rpti.m  ll-T  ,„.r  ,.,,,t.  At  ...n,.  1  th..  fir..  shrinkaK.' 
«-;.s  .,..,  ,„.r  ,.,.nt.  Nvith  a  total  sa^-  ,.f  1  -42  in.'h,  an.l  an  abs.,ri>tion 
ot  4;)  jx-r  ('(.nt. 

Th..  .'lay  was  st....]  hard  at  this  last  von,'. 

S/ial.'  from  VnUnj  „f  liulVs  I{,a>l  TmA-,  .l//,,.— (17^,7)-- 
J  his  warp...l  sliKlitly  in  drying  an.l  had  an  air  shrinkage  of  7 
p.T  (...nt.     Its  tcnsi!..  stn-npth  was  i>rol)al)ly  hinh. 

At  con..  OS  th..  fir..  slirinka(i..  ain..unt,..l  to  O-,")  ],vt  c.nt 
with  a  t..tal  saKof  0-  12  in,.h,  ami  an  ahs.,rption  of  10  p..r  .-..nt' 
At  :.on..  0,,  th..  fin-  shrinkan..  was  0-5  p..r....nt.  th..  inaxiinuin 
.saji.  OlS  in.-h.  an.l  th.-  absorption  !t  p.r  ....nt.  Its  absorption 
at  (..m..  1  was  2  per  (..nt. 

Th..  .'lay  hurns  r.'.l. 

Firc,mmfniq  Clay,  Cokrnhj,:  Alt.,.  -(l7;-i4)^In  .Irving 
this  Hay  sh.,w,..l  no  t..n.l,.n,.y  t.,  warp.  Th..  air  shrinkage 
was  4  •«,.    1  h,.  av..raK..  t.-nsil,.  stn.nKtl,  was  2S4  poun.ls  per  souar.. 

At  ..on..  OS  th..  fir..  >hrinka«,.  was  0  p..r  ..,.nt.  th..  total 
■saKOOO  infh.  an.l  abs.,rption  l.Vti  p..rc,.nt.  At  cm..  Oo  th,.  fire 
shrinkaK..  was  still  0,  ,1,,.  t.,ta:  saj:  (..07  in.-h,  an.l  absorption 
lo-.,p,.r....nt.  At..,.n..  1  it  sa^s  still  nu-r...  hut  th..  ,.xaet  amount 
v.as  not  ni.'asur.'.l. 

Sm-f„(r  Ct,,,/  from  H„:,l  lin„.  Clai/hurn.  «.C.— (1741  ) 
-Ihis  .-lay  ,lri...l  w..|:  without  wari)inK,  and  ha.t  an  air 
shnnka«,.  of  ti  ,„.r  ,.„„.  -ph..  av.ra^..  t..nsil..  stn-ngth  was 
prohahly  g.i.id,  hut   was  not   tested. 
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At  ruiir  tl.s  the  fire  sliriiikatii'  \\:i-  1  !"r  "'i'-  ''"' 
s;iK  UOS  iiicli.  ;intl  Mlps(.ri)ti()ii  HI  i^r  cfiit.  At  i-mr  (•.'),  the  tuv 
~liriiikMpc  w;i>  1  ]>«'r  (■riit.  tl..-  >:iil  Hi:!  iiuli.  mill  ulisdrplion 
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(iwyiine.   siiaie  Iriiiii  le.!,d  |,\   iirehealjii!  '! 

Staliiin.  shale  hank' al  ^Z 

(.\|isiii„  1,1  Nieola  \allev  elav  ■■' 

"' ^'"'"■^"■^' ^''"'"^  '  l!«.2.i,J7.-s,:,(..:is 


»— -S'l^lllK'^'e' 


id:; 
II 
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Inland  Ccp.il  un.l  C<:k,- C 
Intrciiliii'tiiin 
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K:iinliirip-.  c'ay  ai  uiisuiialilr  Inr  iiiiMiit  n  tuii- 
Kranini.  II.  \.  .  !■  -t  pii'ir>.  kanliii  aU'l  i;\  psiiiii 
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l.araniii'  foinjul  mii 

I.aHivirn-.  I'i.  rn-  ~liali-  ii~..l  im-  Imrk  at 

l.iiinilr,  ('ainru-i- 

iiiini'il  hv  II    S.  Niiriiilanil 
Dill  liilK 

I.uiiili'li,  ( '•-  \.    I'-,  anah  -1-  n!  rla\  ^ 


.'I'.i 
S'.t 
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MrNair,  Mr.  saiii|ili' m  imilav  miIhiiiiIi'iI  liy 
Miilicinc  Hal.  (lay  wnrk.-  al 

.Nlilfonl.  'r.ati.aiy  shales  al  

Miiri'issry,  sli.ili'  al  niisiiiliil  I'm  luirk 
Mountain  ndinn 

N 

Nan.iiino,  iniiuli  iiicimIcs.  -Iiali^.  >anil-tiirir~.  ati'l  'oal  at 
Niciila  \  alley  rla;    clipiisit 

Coal  (11 

shales 
Ninhrara  sh.tles 
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( Irion.  I'rof  ,  e\|ieriineiil>  on  ilr\  iiii;  ol  el.iys 
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I'aeitie  Coast  region 
I'as,  (lay  Iroin  tested 
I'etiiliina  ( 'oal  ( 'o..  test  ol'  shale 
I'l.oetliN  I'r.ssed  Hriek  C.> 
rierii'  shales 

in  .'saskatehew.an 
I'oltery,  I'lay  siiit.ihle  for 
rreliealiliK  ireatnii'iit  of  western  ila>s 
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suimiiarv '  •  J 


Salt 
Sam 


Sask 
Sew  I 
Sliali 


iisi-  (if  t(i  privi'iir  (Tacking. 

Ulaziiin.  sjii'i-ial  ii •^l^< 

I>^l<>nc.  Mrickliurri 

"  Kiilwii^lli' 

outcrop  at  Slowi'. . 

Naiiaiiiio 

\\  ctaskiwin 

itooii,  hrickyani  at 

r  [lipc,  ti'slsof  day  and  shal 
,  Hilly  Hivcr  formation  . 

Mlairinorc 

Mri(kl)urn 
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"     Trianttle  r.ineh 
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Taller,  brick  »!i]ks  at 

I'oal  mines  at . 
Taylor  :.n<l  Clark,  lirickvard  al  WaiiiHriuhl 
lerlJ.iry  formations 

T   r",  1      ';''';'''/'""l'li'-^  from  SlKjuash  tested 
lohel.l    sli;:le  from  ,,.^u;\  t.v  preheat  intc 
I  Handle  rancli,  shal.'  and  lienionite 
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Wainwrijilit.  l)rickiiuikinK  ;ii 

\\ Ciller,  I'..  ,]..  saiiipirs  <if  clay  Mihiiiittcii  \i\ 

Wci-tcrii  CLtys,  Ltd  ,  dc  vi'Iiipiiiciit  ai  iJliniMilon 

Wcta.-kiwiii.  liiiikyaril  at  

"  j-halcs  ami  saiuihtiiiic*; 

Ntrafi  at  

Wcy'Diini.  hriikyard  at        

Windcnncrc,  hil<-k.-  iiiaili'  at 

WiMiil  fui'l  fur  firiinj 
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CLASSIFIED  LIST   OF    RECENT    REPORTS   OF    C.EO- 
LOGICAL   SURVEY. 

Since  I'.tlO.  reports  issue<l  liy  tlle  ( "icolojiiejil  Slirve>  liilVe 
lieeii  e:ille(l  Illeliioirs  ;m<l  liav<'  lieen  llumlxTed  Metlinir  1. 
Memoir  2,  etc.  Owiiifj  to  ilelays  incidental  to  the  i)ul)lisliinu 
of  reiMirls  and  their  accoinpanyinn  maps,  not  ail  of  the  reports 
have  been  caih^il  memoirs,  and  the  memoirs  liave  not  bi'eii 
issued  in  tlie  orch'rof  tlieir  as~ijjned  numlM  :-,  ami.  therefore,  the 
follo\vin;j  list  has  iieeii  prepare<l  to  prevent  an\-  misconceptions 
arisinii;  on  thi^  accoiinl . 
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Memoirs  and  Reports  Published  Durinfi  1910. 


HKI'oliTS. 


Hipoil   ..11  .■,  K,Ml.,m,,il  nr„iiii,-,i>M.ii.f  „f  till'  rrKi„n  Inmrsnl  l,v   il„ 
A   ivniiiiiiussiiir,.  :„rn«  lli,.  Mi„kiM/i..  iiMMiiitaiiis  on  t|i,.   |',.||v.   1{„.., 

No   k'i!.;.'    "'""'■  ^"'""'  "'"'  ■^"'"'  ""■^'  ■'"-'■"'""-.    it.v  .l„M.,,i,  K....I..: 


.Mi:.\ii)ii(s   (;i:()i.(i(;i<Ai.  skuiks 

MimiK  ilistn.t.  liiilisli  Coliinili.a.      Uv  Cliiiilrs  Cims.'ll 

r,l     ■    f  v'-   ■'•,/•'■''"■"";"'  •^■'/"/-      I'aiM-.nisnii    (ishrs   fioii,    i|„.    All,.,-, 
^lml.■^  „f  New  MninswKk.     Hv  I.awnnc,.  M.  Larnh.- 

,',',"l  'v      l"'   i'-   ,'V",':"'""'  ^"'r-     ''"■'"'""••"■y    rn-'iiioir   .,11    tli,.    l.rH.> 
aiicl    N.-rclmskioM    Kiv.is  r.ml   ilistri.t,    Yukon   T.riii,,iv       Hv    I)     1) 


M.'moir  .i.      A„    .;.  <!.„l.,,„r.,l  S. ,;...     (;,..,|o«,v  of  tli-  ll:.l,l,iirton  aiM   H. 
Hi'il.m     '"'■      """"'■  "'  '•'""""•      'Vv   Ir.irik   1).  A.liini.s  mimI  Alfiv.l 
:noir  7,      A',..    /;,    i:,„l,u,irnl    S.ros.     i;,.„\»v.x    o| 
IVovmco  of  Qii..|,,.,-.      liy  .loll,,  A.  Dr.  »,r. ' 


Harlow. 
M.'inoir  7,     .V...    /;,    f, •,„/„,,„„/    .s-,,-„.«.     C.oI.ik.v    .,f    ,S,.    Hmn.,    „i,M„ilain, 


.Mi:.\I()Il{.S— TOI'OCHAIMIICAI.   .><K1{IKS. 

■"^''".'!f'v.l,',       ^"    '■'''''{"'■:ir''i;l''<;''l-'<-n...     Tri!in^r„|,.,i„n  ,„„|  s,,j,.j,  |,,v..llini: 
of  \an.'oiiv,T  i>1m.i.1,  H.C,  1<K(<(.      Hv  l{.  II.  Chapiiian. 

Memoirs  and  Reports  Published  During  1911. 

ni;i'(  uns. 

l!.|H.ri    ..1,    a    in.v.MM.   ll,n,i,^|,    ,|„.   M„„|„.rii    part    of  ll„.    \.,rili    \\,.v, 

.N.r'imi',''       '"     '■"'       ''  '"  '  ■"  ^'■'^"-  '"  ""•-      ">  ^If'-  •'  W    <i    \\.l>o.i, 
li-'pori  on  a  part  of  th,.  .\o,-,|,  \\,.m  T,-iri.ori.>  ,|,an„,l  lu   ,|„.  \V„i,.k 

ami      pp.T  Altawap,,sk:,t  rivrs       Hv  W    M,.|n„..s       \o.  U)su 

li.'p..i]  ,„i  til.-  a..,,„Ky  of  an  aiv.a  a.|j.,inins:  th,-  .,,..1  .-i,!..  of  l.ak,-  ■|-i,„i,. 

kaiimi,;.      H\    Moil,  y   K.   W  iIm„,       .\,,     \ui;i  .i.aK.     i  iiii, 

.\i K.Mi nii,-^  -( , I !( ii.( M ; i(  A 1.  .•<i;ii ii;.'<. 

M..n,..ir    1_     \,....(;,„l,,,,,..„l  s,n,..     (;,„|.,m,.al   r.■,.onna,^.a,l.■.■   a ^   ,l„. 

.      i'    .    T  ■^•■•"""•'1    lransi.o„tiii.„|;,|  ,aihvav  i,i   u.M.ni  (hi.l,,,-       |<v 
\\  .  .1.  W  il.^ion  '  '  .> 

^'""hv  n    1.^1'.    ')''""'"'■'"■"'  ■''"■'■■^-     'lli"    i;.lnionton   .„al    li.l.l.    All,,  na. 


Ill 

MciiKiir  ;i.      .Vii.  .■',  (;,„l,„,i,„l  S,n,.<       Uiuliurii  nml  h;iMn,   AIImtIm,      M\    (, 

S    Malloch. 
Mriiir)ir  1(1.     .V...    Ill,   (i,„l„iji,iil   Sriiis.     All    iii>trimic-iiliil    «iii\iv   of    ili. 

shon-liiirs  of  tlir  I'XiiiicI  lakes  AlKi>iM|iiin  imd  Ni|ii^,-iiiK  in  M>ntli»i>iiiii 

Oiitariii       My  .1.  W  .  ( iohll  liwiiil 
Mi'iimir    I'J.      Xii.ll.    (;,„li>,ii,(il    S,,f,.^.      liiM.il~    fioiii    ihc    'r.riMiA     hiki- 

ilrpoMls  (if  the  soMlllclIl  ililrli<ii'  nf  Uijli^li  ( 'cliilnliKl.  riillr.ti.l  ii\-   Mi 

l.:iHiinii'  M.  I.,iiiil),-,  in  llMHi       Hv  Anlmi  ll:inillirM  li 
Mi'iimir    l."i.     Xii.  I  ;.<:,iil:iiiiiiil  S,n,.^.     (  In  m  'rniildii  l>liin.H|r.|  in  f,iuii:i  :ii 

Knkliilil.  ( •nlaiio.     Hv  Krank  Sprinni  r. 
McniDir    Hi.     A«.  li,  (luiliuiiriil  Si  ni  s.     Tln' il.iy  and  <Iki1c  ilc'iMi-it.~  cif  N.iv.i 

Sciitia  and  piirtiiins  (if  New  Hrnii~»i(k.     liv   llciniicli  liio  a>,-i>l(c|  hv 

.IdM'ph  Kci'jc 

MKMOIHS   -MIol.dClCAl,   SKUIKS. 

Mciiiiiir  11.  .Vr..  /.  Ili„l,ii/i,iil  .s',,„.N.  New  -pc(  ics  (.f  >licll>  ciillccicd  I,,- 
Mr.  Joliii  Macduii  at  Maiklcv  -mnd.  \anc(iiiv(  r  inland.  Hnli-lj  ( '■ilniiilna 
Uy  William  II.  Dall  and  Taiil  Harlscli. 

Memoirs  Published  During  1912. 

MKMdlHS     (IKOI.OCICAI.    Sl.ltlKS. 

Memoir   \.i.     .V«.    /.;.    (iiiitiii/icil   Siiii<.     Soiithcrn    \  ancoiivcr    i.-land.      Bv 

Charles  II.  Clipp. 
Memoir  Jl.      .Vii.    /.>,   dinlmjuiil  Simx.     Tlie   ecology    and   ore  depiisils   of 

I'lioeiiix,  lioiindary  district.   British  ('oliiml)ia.      By  ( >.   ]■'..   I.elioy 
.Memoir  Jl      .\(>.    III.    (!i4iliiiiiiiil   .s'l/K.s.     I'reliminary    report    on    the    day 

;iiid   shale  deposits  of   the   weslerii    provinces,      lu    lleinrich    litis   and 

,)(>.seph    Kcle, 
Memoir  27.     .\ii.  1 ! ,  (iKilnijiriil  Si  riix.      Heport  of  the  Coininission  appointed 

to  investigate  Turtle  iiKMiiitain,  Frank.  .Uberta,  1(111. 
Memiiir  'J.S.     .\n.    I,S,    <:,iiln,ii,„l   Sims.     The    Keoloi;y    of    .'stcepioek    lake, 

Onltirio.      By   .\ndre\v  C.    I.awson       .Nolis  on  fossils  from  limestone  of 

Steeprock  lake.  Ontario,  In    Charles  I).  W.alcott 

Memoirs  Published  to  Date  During  1913. 

MKMOllt.-;   -CKOIOCIC.M.  .-<i;i{ii> 

Memoir   is.      Sn.   I'.t,  (liiilniiii-iil  Si  rii  .^.      B.athiiist   district.   New    lit  iiii.-.»  iek 

By  (i.  .\.  V.iimn. 
Memoir   l:i.     .V(i.  .'I,  (iiiiliiiitnil  Si  rii.~-.     Wheatoii  di.-trict.  ^'llkon  Tcrritorv. 

By  I).  1).  Cairnes. 
Memoir  L'.").     .Vo.    .'/.    (linlui/inil   Sirux.     Clay    and    .-hale    deposiis    of    the 

western  provinces  (Part    \\         By  lleitiricii  liies  and  .loscph   Keele. 
Memoir  :i7.     A'<>.  1  i.  (iinlmiiinl  Si  ni.<.      Port  ions  of  .\tlin  district,  B.C.      Bv 

O.   I).  Cairnes. 
.Memoir  'l'.\.     .V...    ,'.;,   (iinlni/iml  .Si  ,■■((.<       Ccolotjy   of   the  coa-l    and    isl.inds 

lictween   the  Strait    of  ( ieoruia  and  lineeii  Charlotte  sound.    B.C       By 

.1.  .\iisteii  Bancroft. 
.Memoir   40.     \ii.    t.',.    (iniliiiiiinl   Sirii.-'.     The     \rch.e.aii    (;eoloi.'.\    of    liainy 

lake.     By  .\ndrew  C.  I.awson. 
.Memoir  '■i'2.     .\i>.    J-'i.   (liiiluiiiinl   Snn.-.      I'ortiiiii.-   of    Portland    Canal    an<l 

.■sk"ena  .Mining  divisions,  .<keena  district.   B.C.      By   I{    (i     .McConnell. 
Memoir    PI,      .Vo.  Ji:,  aniliii/iriil  Si  m  ..<.     Ceoloiiy  of  Mother  l.ode  and  Sunset 
M     mines.  Boundary  (listri(t.  BC.     By  ( )    1!    l.(i;oy 
-Memoir  JJ.      .Vu.  „',"'.  ('iinliiiiiini  Si  i /■  s.      Prelim inar\'  report  on  the  seriieiitinet* 

and  associated  rocks  m  ^outhcrii  t^ichec.      Bv'.!.  .\.  Oresrcr. 
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